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,GHQWLILFDWLRQRIQRYHOEDFWHULRSKDJHVZLWK1 
WKHUDSHXWLFSRWHQWLDOWDUJHWLQJEnterococcus 2 
faecalis3 
$O=XELGL0:LG]LROHN0&RXUW(.*DLQV$)6PLWK5($QVEUR.$OUDIDLH$4 
(YDQV&0XUGRFK&0HVQDJH6'RXJODV&:,5DZOLQVRQ$	6WDIIRUG*35 
6 
$IILOLDWLRQV7 
 ,QWHJUDWHG%LR6FLHQFHV6FKRRORI&OLQLFDO'HQWLVWU\8QLYHUVLW\RI6KHIILHOG&ODUHPRQW8 
&UHVFHQW6KHIILHOG67$8.9 
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:HVWHUQ%DQN6KHIILHOG6718.11 
 'HSDUWPHQW RI 0LFURELRORJ\ )DFXOW\ RI %LRFKHPLVWU\ %LRSK\VLFV DQG %LRWHFKQRORJ\12 
-DJLHOORQLDQ8QLYHUVLW\.UDNyZ3RODQG13 
 'HSDUWPHQWRI&KHPLFDODQG%LRORJLFDO(QJLQHHULQJ7KH8QLYHUVLW\RI6KHIILHOG0DSSLQ14 
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&RUUHVSRQGLQJDXWKRU'U*UDKDP6WDIIRUG,QWHJUDWHG%LR6FLHQFHV6FKRRORI&OLQLFDO17 
'HQWLVWU\8QLYHUVLW\RI6KHIILHOG&ODUHPRQW&UHVFHQW6KHIILHOG67$8.18 
(PDLOJVWDIIRUG#VKHIILHOGDFXN19 
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21 
$EVWUDFW22 
7KH *UDPSRVLWLYH RSSRUWXQLVWLF SDWKRJHQ (QWHURFRFFXV IDHFDOLV LV IUHTXHQWO\ UHVSRQVLEOH IRU23 
QRVRFRPLDOLQIHFWLRQVLQKXPDQVDQGUHSUHVHQWVRQHRIWKHPRVWFRPPRQEDFWHULDLVRODWHGIURP24 
UHFDOFLWUDQW HQGRGRQWLF URRW FDQDO LQIHFWLRQV ( IDHFDOLV LV LQWULQVLFDOO\ UHVLVWDQW WR VHYHUDO25 
DQWLELRWLFVURXWLQHO\XVHGLQFOLQLFDOVHWWLQJVVXFKDVFHSKDORVSRULQVDQGDPLQRJO\FRVLGHVDQG26 
FDQDFTXLUHUHVLVWDQFHWRYDQFRP\FLQYDQFRP\FLQUHVLVWDQWHQWHURFRFFL95(7KHUHVLVWDQFH27 
RI( IDHFDOLV WR VHYHUDO FODVVHV RI DQWLELRWLFV DQG LWV FDSDFLW\ WR IRUPELRILOPV FDXVH VHULRXV28 
WKHUDSHXWLFSUREOHPV,QWKLVSDSHUZHUHSRUWWKHLVRODWLRQRIVHYHUDOEDFWHULRSKDJHVWKDWWDUJHW29 
( IDHFDOLV VWUDLQV LVRODWHG IURP WKH RUDO FDYLW\ RI SDWLHQWV VXIIHULQJ URRWFDQDO LQIHFWLRQV $OO30 
SKDJHVLVRODWHGZHUH6LSKRYLULGDHZLWKVLPLODUWDLOOHQJWKVQPDQGLFRVDKHGUDOKHDGV31 
7KHJHQRPHVHTXHQFHVRI WKUHH LVRODWHGSKDJHVZHUHKLJKO\FRQVHUYHGZLWKWKHH[FHSWLRQRI32 
SUHGLFWHG WDLO SURWHLQ JHQHV WKDW GLYHUJH LQ VHTXHQFH SRWHQWLDOO\ UHIOHFWLQJ KRVW UDQJH 7KH33 
SURSHUWLHVRI WKHSKDJHZLWK WKHEURDGHVWKRVWUDQJH 6+()ZDV IXUWKHUFKDUDFWHULVHG:H34 
VKRZHG WKDW WKLV SKDJH UHTXLUHV LQWHUDFWLRQ ZLWK FRPSRQHQWV RI WKH PDMRU DQG YDULDQW UHJLRQ35 
(QWHURFRFFDOSRO\VDFFKDULGHDQWLJHQ(SDWRHQJDJHLQO\WLFLQIHFWLRQ)LQDOO\ZHH[SORUHGWKH36 
WKHUDSHXWLFSRWHQWLDORIWKLVSKDJHDQGVKRZHGWKDWLWFDQHUDGLFDWH(IDHFDOLVELRILOPVIRUPHG37 
LQ YLWUR RQ D VWDQGDUG SRO\VW\UHQH VXUIDFH EXW DOVR RQ D FURVVVHFWLRQDO WRRWKVOLFH PRGHO RI38 
HQGRGRQWLF LQIHFWLRQ  :H DOVR VKRZ WKDW 6+() FOHDUHG D OHWKDO LQIHFWLRQ RI ]HEUDILVK ZKHQ39 
DSSOLHGLQWKHFLUFXODWLRQ:HWKHUHIRUHSURSRVHWKDWWKHSKDJHGHVFULEHGLQWKLVVWXG\FRXOGEH40 
XVHGWRWUHDWDEURDGUDQJHRIDQWLELRWLFUHVLVWDQW(IDHFDOLVLQIHFWLRQV41 
42 
 43 
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,QWURGXFWLRQ44 
(QWHURFRFFXV IDHFDOLV LV D FRPPRQ QRVRFRPLDO SDWKRJHQ WKDW LV D IUHTXHQWO\ LVRODWHG45 
IURP WKHEORRGVWUHDPDQGZRXQG LQIHFWLRQV  ,Q VRPHFDVHV WKH FOLQLFDO RXWFRPHVDUH46 
SRRU GXH WR WKH OLPLWHG FKRLFHV RI HIIHFWLYH DQWLPLFURELDO WKHUDS\ DQG FRORQLVDWLRQ E\47 
YDQFRP\FLQUHVLVWDQWHQWHURFRFFL95(2QHH[DPSOHLV(IDHFDOLVVWUDLQ9ZKLFKZDVWKH48 
ILUVWRIWKHYDQFRP\FLQUHVLVWDQW(IDHFDOLVFOLQLFDO LVRODWHVWREHVHTXHQFHG ,QDGGLWLRQ49 
( IDHFDOLV LV FRPPRQO\ UHFRYHUHG IURPFKURQLFSHULDSLFDO RU URRW FDQDO LQIHFWLRQVDVVRFLDWHG50 
ZLWK IDLOHG HQGRGRQWLF WKHUDS\    ,W KDV EHHQ SURSRVHG WKDW WKLV LV DVVRFLDWHG ZLWK WKHLU51 
DELOLW\ WR L OLYH DQG VXUYLYH LQ WKH SUHVHQFH RI VHYHUDO FRPPRQO\ XVHG URRW FDQDO DQWLVHSWLF52 
LUULJDQWV HJFDOFLXPK\GUR[LGH  LL WROHUDWHSURORQJHGSHULRGVRIVWDUYDWLRQ  LLL IRUP53 
ELRILOPV  DQG LY DFTXLUH DQWLELRWLF UHVLVWDQFH   ±WRJHWKHU WKLV LQGLFDWHV WKDW QHZ54 
WKHUDSHXWLFDSSURDFKHVDUHQHFHVVDU\55 
 %DFWHULRSKDJHWKHUDS\KDVUHFHQWO\UHHPHUJHGDVDQDWWUDFWLYHDOWHUQDWLYHDQWLPLFURELDO56 
VWUDWHJ\WRWUHDWDQWLELRWLFUHVLVWDQWELRILOPIRUPLQJSDWKRJHQV,QVRPHLQIHFWLRQVVXFKDVWKRVH57 
DVVRFLDWHGZLWKEXUQZRXQGVFDXVHGE\3VHXGRPRQDVDHUXJLQRVDDQG6WDSK\ORFRFFXVDXUHXV58 
SKDJH WKHUDS\ LV QRZ FRQVLGHUHG DQ RSWLRQ IRU WRSLFDO DSSOLFDWLRQ  )XUWKHUPRUH LQ WKH59 
8QLWHG 6WDWHV WKH )'$ UHFHQWO\ DSSURYHG D SKDJHEDVHG SKDVH , FOLQLFDO WULDO DJDLQVW 360 
DHUXJLQRVD 6WDSK\ORFRFFXV DQG (VKHULFKLD FROL LQ FKURQLF YHQRXV OHJ XOFHUV LOOXVWUDWLQJ WKDW61 
WUHDWPHQWXVLQJDSKDJHFRFNWDLOZDVDVVRFLDWHGZLWKQRDGYHUVH UHDFWLRQ )RUH[DPSOH62 
SKDVH,,FOLQLFDOWULDOVLQ(XURSHXVLQJSKDJHWKHUDS\DJDLQVWFKURQLFRWLWLVH[WHUQDFDXVHGE\363 
DHUXJLQRVD LQIHFWLRQKDYHEHHQFRQGXFWHGZLWKVXFFHVVIXOUHVXOWV ([FLWLQJO\SKDJHZHUH64 
DOVRXVHGLQWUDYHQRXVO\LQWRFXUHDGLVVHPLQDWHG0\FREDFWHULXPDEVFHVVXVLQIHFWLRQLQ65 
D\HDUROGLQWKH8.66 
( IDHFDOLV O\WLFSKDJHVKDYHEHHQSUHYLRXVO\ LVRODWHGXVLQJ LQGLFDWRUVWUDLQVRIDQLPDO67 
RULJLQ   QRQRUDO KXPDQ LVRODWHV DQG ODE VWUDLQV  +HUH ZH VHW RXW WR LVRODWH68 
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EDFWHULRSKDJHV WDUJHWLQJ ( IDHFDOLV VWUDLQV RI RUDO RULJLQ LVRODWHG HLWKHU GLUHFWO\ IURP69 
HQGRGRQWLF LQIHFWLRQV RU IURP PRXWKZDVKHV RI SDWLHQWV UHFHLYLQJ HQGRGRQWLF WUHDWPHQW DQG70 
IURPRUDOOHVLRQVVRXUFHGIURPDUDQJHRIRUDOPLFURELRORJ\ODERUDWRULHVDURXQG(XURSH$UDQJH71 
RIWDLOHGSKDJHVZHUHLVRODWHGIURPDZDVWHZDWHUWUHDWPHQWSODQWDQGFKDUDFWHUL]HG:HUHSRUW72 
WKHLU WKHUDSHXWLF SRWHQWLDO DJDLQVW ( IDHFDOLV VWUDLQV IRUPLQJ ELRILOPV DQG WKHLU FDSDFLW\ WR73 
HUDGLFDWHV\VWHPLFLQIHFWLRQLQD]HEUDILVKPRGHORI LQIHFWLRQ2YHUDOORXUGDWDIXUWKHUKLJKOLJKW74 
WKDWSKDJHVKDYHJUHDWSRWHQWLDODVWKHUDSHXWLFDGMXQFWVLQRUDODQGRWKHULQIHFWLRQV75 
76 
0DWHULDOVDQGPHWKRGV77 
%DFWHULDO 6WUDLQV XVHG IRU EDFWHULRSKDJH VFUHHQLQJ %DFWHULDO VWUDLQV XVHG LQ WKHVH78 
LQYHVWLJDWLRQV DQG WKHLU VRXUFHV DUH OLVWHG LQ 7DEOH   (QWHURFRFFXV VWUDLQV ZHUH JURZQ79 
DHURELFDOO\ZLWK&2DW&RQEUDLQKHDUWLQIXVLRQ%+,DJDU2;2,'8.80 
%DFWHULRSKDJH LVRODWLRQ %DFWHULRSKDJHV ZHUH LVRODWHG IURP ZDVWHZDWHU FROOHFWHG IURP WKH81 
LQOHWRIDZDWHUWUHDWPHQWSODQWLQWKH6KHIILHOGDUHD8.WKDWWUHDWVERWKLQGXVWULDODQGGRPHVWLF82 
ZDVWHZDWHU7KHZDWHUZDVILOWHUHGWKURXJK0ILOWHUSDSHURQVLWHWRUHPRYHSDUWLFOHVEXWZDV83 
QRWWUHDWHGFKHPLFDOO\RUELRORJLFDOO\6DPSOHVZHUHLPPHGLDWHO\EURXJKWWRWKHODERUDWRU\DQG84 
FHQWULIXJHG  [ J IRU  PLQ WR UHPRYH UHPDLQLQJ GHEULV 7KH UHVXOWLQJ VXSHUQDWDQW ZDV85 
WKHQSDVVHGWKURXJKDPILOWHU6DUWRULXV*HUPDQ\EHIRUHPORIVDPSOHZHUHIXUWKHU86 
FHQWULIXJHGDW [J IRU PLQ WR SHOOHW DQ\SKDJHSDUWLFOHV7KHSHOOHWVZHUH FDUHIXOO\87 
UHVXVSHQGHGRYHUQLJKW LQPORI60EXIIHU 07ULV+&O%XIIHUS+ZLWK01D&O088 
0J62 DQG  *HODWLQ DW &  O RI WKH VXVSHQGHG VDPSOH ZDV VSRWWHG RQ WR D GRXEOH89 
OD\HUDJDUSODWH7KHERWWRPDJDUZDVFRPSRVHGRI%+,VROLGDJDUVXSSOHPHQWHGZLWKYY90 
KRUVH VHUXP 2;2,' 8. DQG ZDV RYHUODLG ZLWK  PO RI PROWHQ %+, VRIW DJDU 91 
FRQWDLQLQJ  O RI WHVW EDFWHULDO VWUDLQ RYHUQLJKW FXOWXUH LQRFXOXP 2' %焀  $Q\ IRUPHG92 
SODTXHVZHUHSLFNHGXVLQJDVWHULOH3DVWHXUSLSHWWHGHSRVLWHGLQPO60EXIIHUDQGLQFXEDWHG93 
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RYHUQLJKW DW & EHIRUH ILOWHULQJ WKURXJK D  P V\ULQJH ILOWHU  ,VRODWHG SKDJH ZHUH WKHQ94 
H[SDQGHG E\ LQIHFWLRQ XVLQJ  O RI WKLV ZLWK  O RI H[SRQHQWLDO JURZWK SKDVH LQGLFDWRU95 
EDFWHULD IRU  PLQXWHV EHIRUH PL[LQJ ZLWK  PO VRIW DJDU RYHUOD\ 6$2 DQG RYHUQLJKW96 
LQFXEDWLRQDW&$OOSKDJHZHUHSXULILHGXVLQJWKUHHFRQVHFXWLYHURXQGVIURPVLQJOHSODTXHV97 
7KHSODTXHV IURP WKH WKLUG URXQGZHUH WKHQ UHVXVSHQGHG LQ60EXIIHUFRQWDLQLQJ YY98 
FKORURIRUPDQGVWRUHGDW&99 
3KDJH VWRFN SUHSDUDWLRQV ,Q RUGHU WR SUHSDUH D ZRUNLQJ SKDJH VWRFN ZLWK NQRZQ SODTXH100 
IRUPLQJXQLWQXPEHUV3)8POH[SRQHQWLDOJURZWKLQGLFDWRUEDFWHULDZDVLQIHFWHGZLWK101 
ORIVWRUHGSKDJHVXVSHQVLRQLQFXEDWHGIRUWKUHHKRXUVDW&WRDOORZSKDJHWRPXOWLSO\DQG102 
LQFUHDVHLQQXPEHU7KHEURWKZDVWKHQFHQWULIXJHGDW[JIRUPLQDQGSDVVHGWKURXJK103 
DPILOWHU6HULDOGLOXWLRQVIURPWKHUHVXOWDQWEURWKZDVXVHGLQWULSOLFDWHIRUSODWLQJLQRYHU104 
OD\HU6$2DVSUHYLRXVO\GHVFULEHGDQG3)8POIRUHDFKLVRODWHGSKDJHFDOFXODWHG105 
7UDQVPLVVLRQHOHFWURQPLFURVFRS\3XULILHGSKDJHSDUWLFOHV LQ60EXIIHUZHUHSODFHGRQWR106 
FDUERQFRDWHG FRSSHU JULGV DQG QHJDWLYHO\ VWDLQHG ZLWK  ZWYRO XUDQ\O DFHWDWH IRU  PLQ107 
3DUWLFOHVZHUHYLVXDOLVHGXVLQJD)(,7HFQDL*6SLULW7UDQVPLVVLRQ(OHFWURQ0LFURVFRSHDWDQ108 
DFFHOHUDWLQJYROWDJHRIN9DWWKH(OHFWURQ0LFURVFRS\8QLWLQ6KHIILHOG(OHFWURQPLFURJUDSKV109 
ZHUH UHFRUGHG XVLQJ D *DWDQ 2ULXV  GLJLWDO FDPHUD DQG 'LJLWDO 0LFURJUDSK VRIWZDUH 7R110 
REVHUYH WKH SKDJH DORQJ ZLWK EDFWHULD  PO H[SRQHQWLDOO\ JURZLQJ FHOOV ZHUH LQIHFWHG ZLWK111 
SKDJHDWPXOWLSOLFLW\RILQIHFWLRQ02,RIIRUPLQDIWHUFHQWULIXJDWLRQDW[JIRUPLQ112 
WKHSHOOHWZDVUHVXVSHQGHGZLWKPOJOXWDUDOGHK\GHIRURQHKRXUURRPWHPSHUDWXUHDQG113 
H[DPLQHGE\7(0DVGHVFULEHGDERYH114 
%DFWHULRSKDJH FRQFHQWUDWLRQ E\ SUHFLSLWDWLRQ ZLWK 3RO\HWK\OHQH *O\FRO 3(* 115 
)XUWKHUFRQFHQWUDWLRQVRISKDJHZDVPDGH LQRUGHU WR\LHOGDVXLWDEOHZRUNLQJVXVSHQVLRQIRU116 
SURWHLQ SURILOLQJ JHQRPLFGLJHVWLRQ DQG'1$ H[WUDFWLRQ7KLV ZDVSHUIRUPHG E\ SUHFLSLWDWLRQ117 
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ZLWK3(*%ULHIO\PORIH[SRQHQWLDOSKDVHLQGLFDWRUEDFWHULDZHUHLQIHFWHGZLWK118 
SKDJHVWRFNDW02,IRUWKUHHKRXUVEHIRUH01D&OZDVDGGHGGXULQJFRQWLQXRXVPL[LQJ119 
DW&IRURQHKRXUEHIRUHDQ\XQO\VHGEDFWHULDDQGFHOOGHEULVZHUHUHPRYHGE\FHQWULIXJDWLRQ120 
 [J 7R SUHFLSLWDWH SKDJH SDUWLFOHV  3(*  ZY ZDV JUDGXDOO\ DGGHG ZLWK121 
FRQWLQXRXV PL[LQJ DQG OHIW RYHUQLJKW DW & EHIRUH FHQWULIXJDWLRQ DW  [J IRU  PLQ WR122 
VHGLPHQWSUHFLSLWDWHGSKDJH7KHUHVXOWLQJSHOOHWVZHUHFDUHIXOO\UHVXVSHQGHGRYHUQLJKWZLWK123 
PORI60EXIIHUDQGVWRUHGDW&124 
+HDWLQDFWLYDWLRQRISKDJH$SKDJHVXVSHQVLRQDW[3)8POZDVWUHDWHGIRUPLQVDW125 
&ZKLFKZHHVWDEOLVKHGLQDFWLYDWHGWKHYLUXVZLWKDORJIROGGURSLQ3)8PO126 
2QHVWHSJURZWK:HXVHGWKHSURFHGXUHGHVFULEHGE\ZLWKVRPHPRGLILFDWLRQV%ULHIO\127 
PORIH[SRQHQWLDOO\JURZLQJFXOWXUHVRI( IDHFDOLV26ZHUH LQIHFWHGZLWK 6+()SKDJHDW128 
02,RI$IWHUPLQRISKDJHDGVRUSWLRQEDFWHULDZHUHGLOXWHGWLPHVWRSUHYHQWIXUWKHU129 
LQIHFWLRQ DQG LQFXEDWHG DW & 7ZR VDPSOHV ZHUH WDNHQ HYHU\  PLQ ZLWK RQH XVHG WR130 
HQXPHUDWHIUHHSKDJHVLQVROXWLRQWKHVHFRQGZDVWUHDWHGZLWKYYFKORURIRUPWRUHOHDVH131 
LQWUDFHOOXODU SKDJH DQG ZDV XVHG WR HQXPHUDWH WRWDO SKDJH QXPEHU 3KDJH WLWHUV ZHUH132 
GHWHUPLQHGDVGHVFULEHGSUHYLRXVO\DQGSODTXHVFRXQWHGRQGRXEOHOD\HUDJDUSODWHV133 
$QDO\VLV RI SKDJH SURWHLQV 7R GHILQH WKH PDMRU SURWHLQV SUHVHQW LQ WKH EDFWHULRSKDJH134 
6+()DQG6'6SRO\DFU\ODPLGHJHOHOHFWURSKRUHVLV3$*(ZDVSHUIRUPHG$3(*135 
 FRQFHQWUDWHG SKDJH VWRFN ZDV PL[HG ZLWK DQ HTXDO YROXPH RI FKORURIRUP LQ RUGHU WR136 
UHOHDVHWKHSKDJHSDUWLFOHVEHIRUHYRUWH[LQJXQWLODQHPXOVLRQIRUPHGDQGFHQWULIXJHGDW137 
[JIRUPLQOIURPWKHXSSHUOD\HU3)8POZDVWKHQPL[HGZLWKORI6'6138 
3$*(ORDGLQJEXIIHUDQGKHDWHGDW&IRUPLQORI O\VDWHZDVORDGHGGLUHFWO\RQWR139 
1X3$*(%LV7ULVSUHFDVWJHOV7KHUPRILVKHUVFLHQWLILF8.DQGHOHFWURSKRUHVHGIRU140 
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PLQ*HOVZHUHVWDLQHGZLWK ,QVWDQW%OXH ([SDHGHRQ DQG LPDJHGXVLQJDJHOGRFXPHQWDWLRQ141 
V\VWHP,PDJHVFDQQHUSRZHUORRN86*$PHUVKDP%LRVFLHQFH142 
0DVVVSHFWURPHWU\143 
In gel digestion.*HOEDQGVZHUHH[FLVHGDQGGLFHGLQWRPPSLHFHVSULRUWRGHVWDLQLQJXVLQJ144 
 P0 DPPRQLXP ELFDUERQDWH 1++&2  YY DFHWRQLWULOH $&1 6DPSOHV ZHUH145 
UHGXFHGDQGDON\ODWHGE\VHTXHQWLDODGGLWLRQRIP0GLWKLRWKUHLWROP01++&2&IRU146 
PLQDQGP0 LRGRDFHWDPLGHPLQDW URRP WHPSHUDWXUH LQ WKHGDUN*HOSLHFHVZHUH147 
GULHG XVLQJ $&1 EHIRUH UHK\GUDWLRQ LQWR D  QJȝO VROXWLRQ RI WU\SVLQ SUHSDUHG LQ  P0148 
1++&2 6DPSOHV ZHUH GLJHVWHG RYHUQLJKW DW & 3HSWLGHV LQ WKH VXSHUQDWDQW ZHUH149 
KDUYHVWHG DQG FRPELQHG ZLWK SHSWLGHV REWDLQHG E\ H[WUDFWLRQ RI WKH JHO SLHFHV XVLQJ 150 
$&1  YY )RUPLF DFLG )$ 3HSWLGHV ZHUH GULHG E\ FHQWULIXJDO HYDSRUDWLRQ XVLQJ D151 
6FDQYDFYDFXXPFHQWULIXJH/DERJHQH'HQPDUNFRQQHFWHGWRD9DFXXEUDQG9DFXXP3XPS152 
9DFXXEUDQG*HUPDQ\EHIRUHUHVXVSHQVLRQLQYY$&1WULIOXRURDFHWLFDFLG7)$153 
LC-MS/MS. 3HSWLGHV ZHUH DQDO\]HG E\ QDQR+3/& 8OWL0DWH (?+3/& 6\VWHP7KHUPR154 
+HPHO +HPSVWHDG 8. FRXSOHG WR DQ DPD=RQ (7' 06 LRQ WUDS VSHFWURPHWHU %UXNHU155 
'DOWRQLFV%UHPHQ*HUPDQ\XVLQJQDQR(6,VSUD\7KHQDQR+3/&V\VWHPDQGWKH LRQWUDS156 
VSHFWURPHWHUZHUHFRQWUROOHGXVLQJWKH%UXNHU&RPSDVV+\6WDUY65VRIWZDUH7KHOLTXLG157 
FKURPDWRJUDSK\ V\VWHP FRPSULVHG D UHYHUVHGSKDVH SUHFROXPQ /& 3DFNLQJV 'LRQH[ IRU158 
VDPSOH GHVDOWLQJ DQG 3HS0DS  UHYHUVHGSKDVH & FROXPQ (?ȝP [  FP 7KHUPR159 
+HPHO+HPSVWHDG8. IRUSHSWLGHIUDFWLRQDWLRQ7KHIORZUDWH IRUSUHFROXPQORDGLQJZDV160 
ȝ/PLQRIORDGLQJEXIIHUYY$&1YY7)$3HSWLGHVZHUHDQDO\VHGDWDIORZUDWH161 
RI(?Q/PLQDQGVHSDUDWHGE\JUDGLHQWHOXWLRQXVLQJ%XIIHU$ YY$&1 YY)$162 
DQG%XIIHU%$&1)$YY%PLQ%PLQ%163 
PLQ%PLQIROORZHGE\UHHTXLOLEUDWLRQDW%7KHHOHFWURVSUD\ZDVRSHUDWHG164 
LQSRVLWLYH LRQPRGHZLWK(?9VSUD\YROWDJHDQG(?SVLJDVSUHVVXUH&GU\JDV7KH165 
 o
n
 O
ctober 2, 2019 at PERIO
DICALS O
FFICE, M
AIN LIBRARY, UNIVERSITY O
F SHEFFIELD
http://iai.asm
.org/
D
ow
nloaded from
 
8 
 
HQGSODWHRIIVHWRIWKHPDVVVSHFWURPHWHUZDVVHWWRí(?9DQGIRUWKHDFTXLVLWLRQWKHVWDQGDUG166 
PHWKRG3URWHRPLFV$XWR0606167 
Database searching.3URWHLQLGHQWLILFDWLRQVZHUHREWDLQHGXVLQJWKH0DVFRWVRIWZDUHSODWIRUP168 
0DWUL[6FLHQFH LQ KRXVH VHUYHU WR SHUIRUP GDWDEDVH VHDUFKLQJ DJDLQVW ERWK WKH (0%266169 
 DQG &'6 DQQRWDWLRQIRU SKDJH  6+() VHTXHQFH $FFHVVLRQ 1XPEHU 0)170 
&RQWDPLQDQWV VXFK DV KXPDQ VNLQ NHUDWLQ DQG WU\SVLQ ZHUH DVVLJQHG E\ SDUDOOHO VHDUFKLQJ171 
DJDLQVW WKH F5$3 8QL3URW GDWDEDVH VHTXHQFHV  UHVLGXHV GRZQORDGHG-DQ172 
GDWDEDVH$FRQFDWHQDWHGWDUJHWGHFR\GDWDEDVHVHDUFKVWUDWHJ\ZDVDOVRHPSOR\HGWR173 
HVWLPDWH WKH UDWH RI IDOVH GLVFRYHU\ UDWH 0606VHDUFK SDUDPHWHUV ZHUH 6HDUFK (Q]\PH174 
7U\SVLQ 0D[PLVVHG FOHDYDJHV )L[HG PRGLILFDWLRQV &DUEDPLGRPHWK\O & 9DULDEOH175 
PRGLILFDWLRQV 2[LGDWLRQ 00DVV YDOXHV 0RQRLVRWRSLF 3URWHLQ PDVV 8QUHVWULFWHG 3HSWLGH176 
PDVVWROHUDQFH'D)UDJPHQWPDVVWROHUDQFH'D,QVWUXPHQWW\SH(6,75$3177 
0/67GHVLJQDWLRQRIVWUDLQVXVHG7RHVWDEOLVKWKH0/67PXOWLORFXVVHTXHQFHW\SHSURILOH178 
RI HDFK RI WKH VWUDLQV XVHG *HQRPLF '1$ ZDV H[WUDFWHG XVLQJ WKH :L]DUG *HQRPLF '1$179 
H[WUDFWLRQ NLW 3URPHJD IROORZHG E\ 3&5 XVLQJ WKH SULPHUV SUHYLRXVO\ GHVFULEHG    7KH180 
SXULILHG 3&5 IUDJPHQWV ZHUH VHTXHQFHG LQ ERWK GLUHFWLRQV E\ *$7& %LRWHFK $* XVLQJ WKH181 
VDPH SULPHUV 6HTXHQFH W\SH 67 DQG FOXVWHU DOOHOLF SURILOLQJ ZHUH GHWHUPLQHG XVLQJ WKH182 
H%8567 9 VRIWZDUH DFFHVVLEOH YLD WKH ,QWHUQHWDFFHVVLEOH GDWDEDVH183 
http://efaecalis.mlst.net/0/67GHVLJQDWLRQVDUHSUHVHQWHGLQWDEOH184 
3KDJH '1$ H[WUDFWLRQ 7R UHPRYH FRQWDPLQDWLQJ '1$ DQG 51$ IURP WKH 3(* 185 
FRQFHQWUDWHGSKDJHVWRFNVDJPO'1DVHDQG51$VHVROXWLRQZDVDGGHGDQGLQFXEDWHGDW186 
&IRUPLQEHIRUHJPORISURWHLQDVH.ZDVDGGHGWRGHJUDGHQXFOHDVHVDW&IRU187 
 PLQ 5HPRYDO RI SURWHLQV IURP QXFOHLF DFLGV ZDV DFKLHYHG E\ H[WUDFWLRQ ZLWK SKHQRO188 
FKORURIRUP LVRDP\ODOFRKROYY'1$ZDVSUHFLSLWDWHGE\DGGLQJ WZRYROXPHVRI LFH189 
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FROGHWKDQRODQGLQFXEDWHGRYHUQLJKWDW&EHIRUH'1$ZDVSHOOHWHGDW[JIRUPLQ190 
DQGZDVKHGZLWKEHIRUH'1$ZDVGLVVROYHG LQVWHULOHPLOOL4ZDWHUDQGVWRUHGDW&191 
7KHVH VDPSOHV ZHUH XVHG IRU QXFOHRWLGH VHTXHQFLQJ DQG UHVWULFWLRQ IUDJPHQW OHQJWK SRO\PRU192 
VP5)/3DQDO\VLVRISKDJHJHQRPHV193 
5HVWULFWLRQ IUDJPHQW OHQJWK SRO\PRU VP 5)/3 DQG DQDO\VLV RI SKDJH JHQRPH VL]H194 
3KDJHJHQRPLF'1$ZDVVXEMHFWHG WR UHVWULFWLRQGLJHVWLRQZLWK +LQG,,,1GHO DQG0IH, 1HZ195 
(QJODQG %LRODEV 8. DFFRUGLQJ WR PDQXIDFWXUHUV LQVWUXFWLRQ 7KH GLJHVWHG SURGXFWV ZHUH196 
VHSDUDWHG E\  (7%UDJDURVH JHO HOHFWURSKRUHVLV WR GHWHUPLQH 5)/3 SDWWHUQV DQG JHOV197 
YLVXDOLVHGXVLQJDQ,QJHQLXVJHOGRFV\VWHP6<1*(1(198 
*HQRPHVHTXHQFLQJRISKDJHV6+()6+()DQG6+()3XUHSKDJHJHQRPLF'1$199 
JZDVVHTXHQFHGE\0LFUREHV1*RQDQ,OOXPLQD0L6HTSODWIRUPZLWK[ESSDLUHGHQG200 
UHDGV EHIRUH LGHQWLILFDWLRQ RI WKH FORVHVW DYDLODEOH UHIHUHQFH JHQRPH XVLQJ .UDNHQ  DQG201 
UHDGV PDSSHG XVLQJ %:$ PHP  WR DVVHVV WKH TXDOLW\ RI WKH GDWD 5HDGV ZHUH WULPPHG202 
XVLQJ7ULPPRPDWLFEHIRUHGHQRYRDVVHPEO\XVLQJ63$GHV$QDXWRPDWHGDQQRWDWLRQ203 
ZDVSHUIRUPHGXVLQJ3URNND EHIRUH0DXYHDOLJQVRIWZDUHWRRO ZDVXVHGWRSHUIRUP204 
YLVXDO PXOWLSOH FRPSDULVRQV ZKLOH PXOWLSOH VHTXHQFH DOLJQPHQW RI LQGLYLGXDO JHQHV ZDV205 
SHUIRUPHG XVLQJ 0XOWDOLQ  ,Q DGGLWLRQ 3+$67 3+$JH 6HDUFK 7RRO  DQG 3+$67(5206 
3+$JH6HDUFK7RRO(QKDQFHG5HOHDVHZHEVHUYHUVZHUHXVHGIRUIXUWKHUFRQILUPDWLRQRI207 
DQQRWDWHGSKDJHJHQRPHV&RQVHUYHGSURWHLQGRPDLQV ZKHUH UHOHYDQWZHUHGHWHFWHGXVLQJ208 
3IDP&RPSOHWHJHQRPHVZHUHYLVXDOL]HGXVLQJ$UWHPLVDQGVXEPLWWHGWRWKH1&%,DV209 
LQGLYLGXDOFRQWLJVZLWKDFFHVVLRQQXPEHU0)0)DQG0)IRU6+()210 
6+()DQG6+()UHVSHFWLYHO\211 
%LR¿OPDVVD\RQSRO\VW\UHQHSODWHV7KHDELOLW\RIWKHHQWHURFRFFDOVWUDLQVWRIRUPDELR¿OP212 
RQDQDELRWLFVXUIDFHZDVTXDQWL¿HGEDVHGRQDSUHYLRXVO\GHVFULEHGPHWKRG%ULHÀ\(213 
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IDHFDOLVVWUDLQVZHUHJURZQRYHUQLJKWLQ%+,DW&7KHFXOWXUHVZHUHGLOXWHGLQIUHVK%+,214 
PHGLXP DQG  PO RI WKLV FHOO VXVSHQVLRQ ZDV XVHG WR LQRFXODWH VWHULOH IODWERWWRPHG ZHOO215 
SRO\VW\UHQH PLFURWLWHU SODWHV &HOOVWDU *UHLQHU %LR2QH 6L[ ZHOOV SHU VWUDLQ ZHUH LQRFXODWHG216 
ZLWK %+, DORQH DV QHJDWLYH FRQWUROV 7KHVH ZHUH WKHQ LQFXEDWHG XQGHU VWDWLRQDU\ FRQGLWLRQV217 
DHURELFDW&IRUWKHWLPHLQGLFDWHG)RUORQJHUWHUPELRILOPVWKHPHGLDZDVFKDQJHGHYHU\218 
K%URWKZDVWKHQFDUHIXOO\GUDZQRIIIURPZHOOVDQGPOIUHVKEURWKFRQWDLQLQJ3)8PO219 
6+()SKDJHRU%+,RQO\FRQWUROVZHUHDGGHGEHIRUH LQFXEDWLRQ IRUDQRWKHUK:HOOVZHUH220 
WKHQJHQWO\ZDVKHGWKUHHWLPHVZLWKPORISKRVSKDWHEXIIHUHGVDOLQH3%67KHSODWHVZHUH221 
LQYHUWHGRQDSDSHUWRZHODLUGULHGDQGVWDLQHGZLWKFU\VWDOYLROHWIRUPLQ7KHZHOOVZHUH222 
ZDVKHGDJDLQWLPHVDQGWKHFU\VWDOYLROHWZDVVROXELOL]HGLQORIHWKDQRODFHWRQH223 
YYDQG2'PHDVXUHGXVLQJDPLFURSODWH UHDGHU 7HFDQ LQILQLWH$XVWULD(DFKDVVD\224 
ZDVSHUIRUPHGLQWULSOLFDWHDQGUHSHDWHGWKUHHWLPHV225 
$GVRUSWLRQUDWHH[SHULPHQWV7KHDGVRUSWLRQUDWHH[SHULPHQWVZHUHSHUIRUPHGDFFRUGLQJ WR226 
WKHSURFHGXUHGHVFULEHGSUHYLRXVO\ ZLWKVPDOOPRGLILFDWLRQV%ULHIO\RYHUQLJKWFXOWXUHVRI227 
WKHEDFWHULDOVWUDLQVZHUHGLOXWHGLQ%+,PHGLXP:KHQWKH2'RIWKHUHIHUHQFHVWUDLQV228 
UHDFKHG  PO RI FXOWXUHZDVGLOXWHGIROG LQ IUHVK%+,  [ &)8PO3KDJHVZHUH229 
DGGHGDWDQ02,RIWRWKHGLOXWHGFXOWXUHPL[HGJHQWO\DQGLQFXEDWHGDW&,QFXEDWLRQZDV230 
FRQWLQXHG IRU  PLQ ZLWK VDPSOHV  O FROOHFWHG DW RQHPLQ LQWHUYDOV DQG GLOXWHG231 
LPPHGLDWHO\ LQ  O FRROHG 60 EXIIHU 7KH GLOXWHG VDPSOHV ZHUH FHQWULIXJHG DW  [J232 
&IRUPLQDQGSDVVHGWKURXJKDPILOWHU)LQDOO\WKHWLWUHVRIXQDEVRUEHGSKDJHVLQ233 
WKHVXSHUQDWDQWZHUHGHWHUPLQHGDIWHUVHULDOGLOXWLRQ7KHDGVRUSWLRQOHYHOVZHUHUHSUHVHQWHGE\234 
WKHSHUFHQWDJHRI WKH WRWDOQXPEHURI SKDJHVFDOFXODWHGDV IROORZV >LQLWLDOSKDJH WLWHU  IUHH235 
SKDJHWLWHULQVXSHUQDWDQWLQLWLDOSKDJHWLWHU@[236 
In vitro ELR¿OP DVVD\ RQ WRRWK URRW VXUIDFH 7KH DELOLW\ RI 6+() SKDJH WR HUDGLFDWH (237 
IDHFDOLVELRILOPRQH[WUDFWHGQDWXUDOURRWVXUIDFHZDVTXDQWL¿HGEDVHGRQDSUHYLRXVO\GHVFULEHG238 
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PHWKRGXVLQJ5HVD]XULQG\HFKDQJH 7RSURGXFHDJURZWKVXUIDFH PP WKLFNQHVV239 
URRW VOLFHV ZHUH FURVV VHFWLRQHG DERYH WKH URRW ELIXUFDWLRQ DUHD RI PXOWLURRWHG KXPDQ WHHWK240 
HWKLFDODSSURYDOQXPEHU67+E\ZDWHUFRROHGPPFXWWLQJVDZ0('5(.241 
DQG ZHUH GLYLGHG LQWR WZR JURXSV LQ ZHOO PLFURWLWUH SODWHV &HOOVWDU *UHLQHU %LR2QH ZLWK242 
ILQDO HTXDO VXUIDFH DUHD IRU HDFK JURXS  GD\  K ( IDHFDOLV ELRILOP ZDV JURZQ DV243 
GHVFULEHGSUHYLRXVO\LHKPHGLDFKDQJHV$IWHUWKDWWKHILUVWJURXSWUHDWHGZDVWUHDWHG244 
ZLWKPO%+,FRQWDLQ3)8PO 6+()SKDJHZLWK%+,RQO\XVHGDVDFRQWURO XQWUHDWHG245 
EHIRUHLQFXEDWLRQIRUDQRWKHUK7KHURRWVOLFHVZHUHWUDQVIHUUHGLQWRZHOOPLFURWLWUHSODWHV246 
DQG ZDVKHG WKUHH WLPHV ZLWK  PO 3%6 $IWHU WUHDWPHQW DQG ZDVKLQJ  PO RI 3%6247 
FRQWDLQLQJUHVD]XULQVROXWLRQDWDILQDOFRQFHQWUDWLRQRIJPOZHUHDGGHGWRERWKJURXSVLQD248 
ZHOOSODWHDQGLQFXEDWHGDW&IRUPLQPOIURPHDFKZHOORIERWKJURXSVWUHDWHG249 
DQGXQWUHDWHGZDVWUDQVIHUUHGWRZHOOPLFURWLWUHSODWHVDQGÀXRUHVFHQFHZDVUHDGXVLQJD250 
PLFURSODWHVSHFWURIOXRURPHWHU7HFDQLQILQLWHDWȜH[FQPȜHPQP7KHUHDGLQJRI251 
WKHQRQHPLWWLQJG\HRIUHVD]XULQWUHDWHGZDVVXEWUDFWHGIURPDFRQWUROJURXSWKDWFRQWDLQHG252 
RQO\WKHUHVD]XULQG\H7KLVDVVD\ZDVUHSHDWHGWLPHVZLWKDWOHDVWVDPSOHVLQHDFKJURXS253 
,QDGGLWLRQZHSHUIRUPHGDVWDQGDUGFXUYHRIEDFWHULD&)8POYVUHVD]XULQ)LJ6&254 
=HEUDILVK DV in vivo PRGHO IRU SKDJH WUHDWPHQW =HEUDILVK PDLQWHQDQFH DQG H[SHULPHQWDO255 
ZRUNZDVSHUIRUPHGLQDFFRUGDQFHZLWK8.+RPH2IILFHUHJXODWLRQVDQG8.$QLPDOV6FLHQWLILF256 
3URFHGXUHV$FW(WKLFDODSSURYDOZDVJLYHQE\ WKH8QLYHUVLW\RI6KHIILHOG/RFDO(WKLFDO257 
5HYLHZ3DQHO:LOGW\SH:7LQEUHG]HEUDILVKODUYDHZHUHREWDLQHGIURP7KH%DWHVRQ&HQWUH258 
8QLYHUVLW\RI6KHIILHOG$OOODUYDHZHUHPDLQWDLQHGLQ(PHGLXPDW&DFFRUGLQJWRVWDQGDUG259 
SURWRFROV DQG PRQLWRUHG IRU XS WR  GD\V SRVWIHUWLOL]DWLRQ GSI *URXSV RI DW OHDVW  ODUYDH260 
ZHUH XVHG IRU HDFK WUHDWPHQW FRQGLWLRQ 7ULFDLQHDQHVWKHWL]HG HPEU\RV ZHUH LQMHFWHG261 
LQGLYLGXDOO\ ZLWK  QO RI ( IDHFDOLV  &)8 LQWR WKH 'XFW RI &XYLHU RI GHFKRULRQDWHG262 
HPEU\RVDWKRXUVSRVWIHUWLOL]DWLRQ KSIDQG ODUYDHZHUH LQFXEDWHG IRUKEHIRUH LQMHFWLRQ263 
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ZLWKQORI 6+()SKDJH02,RI LQUHODWLRQ WR WKHRULJLQDOEDFWHULDO LQQRFXOXPRU3%6264 
)LVKKHDOWKVWDWXVZDVPRQLWRUHGIRUXSWRKRXUVSRVWLQIHFWLRQKSL,QSDUDOOHOODUYDHZHUH265 
DOVRLQMHFWHGZLWKHLWKHU3%6RQO\(IDHFDOLVRQO\RU3KDJHRQO\DORQJVLGHKHDWNLOOHGSKDJH,Q266 
DOOFDVHV ILVKKHDOWKVWDWXVZDVPRQLWRUHG IRUXS WRKSL=HEUDILVKPRUWDOLW\ZDVDVVHVVHG267 
EDVHGRQWKHH[DPLQDWLRQRIWKHSUHVHQFHRIDKHDUWEHDWDQGEORRGFLUFXODWLRQ,PDJHVRI268 
IRUPDOLQIL[HG]HEUDILVKODUYDHZHUHFDSWXUHGXVLQJDIOXRUHVFHQFH]RRPPLFURVFRSH$[LR269 
=RRP9=HLVVZLWK=HQ%ODFNVRIWZDUH270 
$VVHVVPHQW RI SKDJH DGKHVLRQ 3KDJH DGVRUSWLRQ UDWHV ZHUH HVWDEOLVKHG DV GHVFULEHG271 
HDUOLHU ZLWK IUHH SKDJH SDUWLFOHV RI  6+() ZHUH FRXQWHG DW   PLQXWHV DQG  K SRVW272 
LQIHFWLRQ ZLWK HSD% PXWDQWV FHOOV DQG FRPSDUHG WR FRQWURO 2*5) FHOOV 7KH IUHH SKDJH273 
SDUWLFOHV ZDV DOVR FRXQWHG IURP  K VXVSHQVLRQ DIWHU WUHDWPHQW ZLWK  YY FKORURIRUP LQ274 
RUGHU WR O\VH DOO FHOOV WR UHOHDVH DQ\ SRVVLEOH WUDSSHG LQWUDFHOOXODU SKDJH ,Q DGGLWLRQ  PO275 
VDPSOHVIURPWKHKSKDJHEDFWHULDOVXVSHQVLRQZDVSHOOHWHGDQGUHVXVSHQGHGLQLFHFROG276 
PO 3%6 LQ  0 1D&O SUHYLRXVO\ VKRZQ WR EUHDNGRZQ HOHFWURVWDWLF LQWHUDFWLRQV EHWZHHQ277 
SKDJHDQGFHOOZDOOPDWHULDOIRUPLQDW&7KHVHVDPSOHVZHUHWKHQSDVVHGWKRXJKD278 
 P ILOWHU WR FROOHFW SKDJH UHOHDVHG DQG WKH WLWUH RI IUHH SKDJH LQ WKH VXSHUQDWDQW279 
HVWDEOLVKHG7KHSKDJHFRXQWIURPWKH01D&OVDPSOHZDVGHGXFWHGIURPWKHIUHHSKDJH280 
FRXQW RI WKH FRQWURO JURXS RI 3%6  0 1D&O WR DVVHVV KRZ PDQ\ ZHUH DGVRUEHG DQG281 
UHOHDVHG E\ LQFUHDVHG 1D&O $GGLWLRQDOO\ DQG WR H[FOXGH FHOO O\VLV FDXVHG E\ LQFUHDVLQJ WKH282 
PRODULW\RI1D&O&)8VZHUHDVVHVVHGDQGFRPSDUHGWRWKHFRQWUROJURXS7KLVH[SHULPHQWZDV283 
UHSHDWHGWZLFHLQWULSOLFDWHHDFKWLPH284 
6WDWLVWLFDODQDO\VLV6WDWLVWLFDODQDO\VLVZDVSHUIRUPHGXVLQJWWHVWXVLQJ*UDSKSDG3ULVPY285 
*UDSK3DG /D -ROOD &$ DQG VWDWLVWLFDO VLJQLILFDQFH ZDV DVVXPHG LI S  )RU ]HEUDILVK286 
H[SHULPHQWV.DSODQ0HLHUVXUYLYDOFXUYHVZHUHFRPSDUHGXVLQJ ORJUDQNWHVWDQGGLIIHUHQFHV287 
EHWZHHQXQKHDOWK\JURXSVZHUHHYDOXDWHGXVLQJ2QHZD\$129$ 288 
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5HVXOWV289 
,VRODWLRQDQGFKDUDFWHULVDWLRQRIEDFWHULRSKDJHVWDUJHWLQJE. faecalis290 
6KHIILHOG ZDVWHZDWHU ZDV XVHG DV D SRWHQWLDO VRXUFH IRU ( IDHFDOLV VSHFLILF291 
EDFWHULRSKDJHVHYHUDOVDPSOHVIURPLQGHSHQGHQWVLWHV3KDJHSODTXHVZHUHILUVWLGHQWLILHGE\292 
VSRWWLQJWKHSURFHVVHGVHZDJHVROXWLRQRQWRSDJDU ODZQVRIDUDQJHRIRUDOO\ LVRODWHGFOLQLFDO293 
VWUDLQVRI(IDHFDOLV7DEOHZLWKSODTXHVVXFFHVVIXOO\REWDLQHGZLWK(IDHFDOLV26()294 
()DQG20*67RLVRODWHLQGLYLGXDOSKDJHVWKLVSURFHGXUHZDVUHSHDWHGWZLFHDQGILYH295 
EDFWHULRSKDJHVQDPHG6+()ZHUH LGHQWLILHGXVLQJD UDQJHRI( IDHFDOLV LVRODWHV296 
)LJXUH297 
7KUHH GLVWLQFW SODTXH PRUSKRORJLHV ZHUH LGHQWLILHG ZLWK 6+()   DQG  SKDJH298 
IRUPLQJSODTXHVZLWKPPGLDPHWHUVXUURXQGHGE\DWKLQDUHDRIVHFRQGDU\ O\VLVRIPP299 
ZKLOH6+()IRUPHGPPGLDPHWHUFHQWUDOSODTXHVVXUURXQGHGE\KDORVRI ODUJHUVHFRQGDU\300 
O\VLV)LJXUH$:KHQLQIHFWLQJWKHVWUDLQ2*5)6+()IRUPHGVPDOOSLQKROHVL]HGSODTXH301 
RIPPGLDPHWHUZLWKRXWGLVWLQFWVHFRQGDU\O\VLVZKLOHLWIRUPVODUJHSODTXHVZLWK20*6302 
)LJXUH$303 
1HJDWLYHVWDLQLQJ WUDQVPLVVLRQHOHFWURQPLFURVFRS\RISXULILHGSKDJHVUHYHDOHG WKDWDOO304 
EDFWHULRSKDJHVKDGSRO\KHGUDOKHDGVKDSHVDQGQRQFRQWUDFWLOHORQJWDLOVUDQJLQJIURPWR305 
 QP DQG SRO\KHGUDO KHDGV )LJXUH % ZLWK GLDPHWHUV EHWZHHQ  QP 7DEOH 306 
$FFRUGLQJ WR WKH JXLGHOLQHV RI WKH ,QWHUQDWLRQDO &RPPLWWHH RQ 7D[RQRP\ RI 9LUXVHV ,&79307 
WKH6+()EDFWHULRSKDJHVZHUHFODVVLILHGDVEHORQJLQJWRWKHIDPLO\6LSKRYLULGDHRUGHU308 
&DXGRYLUDOHVEDVHGXSRQWKHLUWDLOPRUSKRORJ\ 309 
0ROHFXODUFKDUDFWHULVDWLRQRILVRODWHGSKDJHV310 
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'LJHVWLRQRISKDJH'1$ZLWKUHVWULFWLRQHQ]\PHVDQG'1DVH,LQGLFDWHGWKDWDOOLVRODWHG311 
SKDJHVZHUHGRXEOHVWUDQGHG'1$YLUXVHV5HVWULFWLRQ IUDJPHQW OHQJWKSRO\PRUSKLVP5)/3312 
WHVWV ZHUH SHUIRUPHG RQ SKDJH FKURPRVRPDO '1$V )LJXUH & 7KH UHVWULFWLRQ SURILOHV RI313 
6+()DQGZHUHYHU\VLPLODUZKLOVWDOO WKHRWKHUVZHUHGLIIHUHQW)URPWKH5)/3DQDO\VHV314 
WKHILYHSKDJHJHQRPHVL]HVZHUHHVWLPDWHGWREHLQWKHUDQJHRINES1H[WZHDQDO\VHG315 
SXULILHG SKDJH SDUWLFOHV E\ 6'63$*( )LJXUH '  'LVWLQFW SURWHLQ SURILOHV VXJJHVWHG ILYH316 
VHSDUDWHSKDJHZHUHLVRODWHG$OOVDPSOHVUHYHDOHGDSURPLQHQWEDQGDWN'$)LJXUH'317 
ZKLFK0DVV6SHFWURPHWU\FRQILUPHGDV WKHSKDJHPDMRUFDSVLGSURWHLQ IRU6+() )LJXUH318 
6+()B:KLOHLWLVOLNHO\WKDWWKLVEDQGLVWKHKHDGSURWHLQLQDOOFDVHVZHGRQRWKDYH06319 
GDWDWRFRQILUPWKLV,QVKRUWZHVXFFHVVIXOO\FRQILUPHGWKHLVRODWLRQRIILYHVHSDUDWH(IDHFDOLV320 
EDFWHULRSKDJHRIWKHIDPLO\6LSKRYLULGDH321 
'HWHUPLQDWLRQRIKRVWUDQJH322 
7KHKRVWUDQJHRIWKHSKDJHVLVRODWHGZDVVWXGLHGXVLQJERWKVSRWDQG6$2PHWKRGVDW323 
02,RIWRGHWHFWYLVLEOHSODTXHV$OO ILYH6+()EDFWHULRSKDJHVZHUHVSHFLILFWR(IDHFDOLV324 
DVQRQHZHUHFDSDEOHRISURGXFLQJYLVLEOHSODTXHV XVLQJ( IDHFLXP GDWDQRWVKRZQ+RVW325 
UDQJH WHVWV VKRZHG WKDW DOO SKDJH KDYH GLVWLQFW VWUDLQ VSHFLILFLW\ SUHIHUHQFHV ZLWK 6+()326 
GLVSOD\LQJWKHEURDGHVWKRVWUDQJHZLWKFDSDFLW\WRO\VHRXWRI(IDHFDOLVLQGLFDWRUVWUDLQV327 
WHVWHGIROORZHGE\6+()DQG6+()DQGSRVVHVVWKHQDUURZHVWKRVWUDQJHO\VLQJRQO\328 
DQGVWUDLQVUHVSHFWLYHO\'HVSLWHWKHVLPLODULWLHVEHWZHHQ6+()DQGDWWKHJHQRPLFOHYHO329 
WKHLU KRVWUDQJH LV QRW LGHQWLFDO LQGLFDWLQJ WKH\ DUH GLVWLQFW SKDJH   1R UHODWLRQVKLS EHWZHHQ330 
KRVWUDQJHDQG0/67W\SHZDVIRXQG331 
*HQRPHRUJDQL]DWLRQRI6+()DQG332 
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7KHJHQRPHVRISKDJHV6+()DQGUHYHDOHGVLPLODUVL]HVRIDQG333 
NES UHVSHFWLYHO\ DQG DSSHDUHG WR EH RUJDQLVHG LQWR WZR KDOYHV WUDQVFULEHG LQ RSSRVLWH334 
GLUHFWLRQV )LJXUH $ (DFK JHQRPH ZDV DVVHPEOHG LQWR RQH ODUJH FRQWLJ ZLWK ORZ UHDG335 
PDSSLQJ FRYHUDJH DW WKH 
 DQG 
 HQGV DQG QR FOHDU HGJHV DW WKH HQGV RI WKH FRQWLJV336 
VXJJHVWLQJ FLUFXODULW\ RI WHUPLQDOO\ UHGXQGDQW SHUPXWHG JHQRPHV )RXU JHQH FOXVWHUV337 
FRUUHVSRQGLQJ WR '1$ SDFNDJLQJ VWUXFWXUDO FRPSRQHQWV FHOO O\VLV DQG UHJXODWLRQ DQG338 
UHSOLFDWLRQZHUH LGHQWLILHG )LJXUH$%7KHUH LV OLWWOHQRQFRGLQJ'1$EHWZHHQ WKHVHJHQHV339 
VXJJHVWLQJ VLQJOH WUDQVFULSWV IRU HDFK VHW RI JHQHV $OWKRXJK HDFK SKDJH H[KLELWV D GLIIHUHQW340 
KRVWUDQJHDKLJKLGHQWLW\ZDVIRXQGIRUERWK'1$DQGSULPDU\DPLQRDFLGOHYHORIEHWZHHQ341 
DQGVHH)LJXUH6,PSRUWDQWO\QRSXWDWLYH LQWHJUDVHHQFRGLQJJHQHVZHUHGHWHFWHGLQ342 
WKHJHQRPHVHTXHQFHVVXJJHVWLQJWKDWWKH6+()SKDJHVDUHOLNHO\WREHO\WLFLQQDWXUH343 
$OO 6+() SKDJHV VKDUH D VLPLODU GLVWULEXWLRQ SDWWHUQ IRU '1$ SDFNDJLQJ DQG KHDG344 
PRUSKRJHQHVLV JHQHV )LJXUH $ RUDQJH DQG DUH XSVWUHDP RI WKH WHUPLQDVH   7KH345 
SUHGLFWHGKHDGPRGXOH)LJXUH$F\DQKDUERXUVJHQHVHQFRGLQJSRUWDOSURWHLQVIRUJHQRPH346 
LQMHFWLRQ LQWR KRVW FHOOV SURKHDG SURWHDVH PDWXUDWLRQ KHDG FDSVLG SURWHLQV DQG KHDGWDLO347 
DGDSWRU SURWHLQV 7KHVH JHQHV DUH IROORZHG E\ WDLO DQG WDSHPHDVXUH SURWHLQV )LJXUH $348 
JUHHQDQGD O\VLVPRGXOH)LJXUH$\HOORZFRQWDLQLQJDSXWDWLYHKDHPRO\VLQ;KO$SXWDWLYH349 
KROLQ DQG HQGRO\VLQ JHQHV 6+() DQG  HQFRGH SXWDWLYH HQGRO\VLQV 6+()B350 
DQG6+()B ZLWK DQ 1WHUPLQDO $PLGDVHB GRPDLQ DQG D SUHGLFWHG &WHUPLQDO351 
=RRFLQ$B75' SIDP GRPDLQ  6+() HQFRGHV D SXWDWLYH HQGRO\VLQ ZLWK WKH VDPH 1352 
WHUPLQDO GRPDLQ EXW DQ 6+E SHSWLGRJO\FDQELQGLQJ GRPDLQ LQGLFDWLQJ GLIIHULQJ FHOOZDOO353 
WDUJHWLQJPHFKDQLVPV354 
7KHUHSOLFDWLRQDQGUHJXODWLRQPRGXOHDUHDOVRFOXVWHUHGDQGRUGHUHGLGHQWLFDOO\H[FHSW355 
WKDW6+()HQFRGHVIRUDQDGHQLQHVSHFLILFPHWK\OWUDQVIHUDVHPRGLILFDWLRQPHWK\ODVH'SQ,,%356 
WKDW LV DEVHQW IURP 6+() ,Q DGGLWLRQ 6+() DQG  KDUERXUHG DQ DGGLWLRQDO SXWDWLYH357 
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WUDQVFULSWLRQDO UHJXODWRU JHQH WKDW LV DEVHQW IURP 6+() DQG VXJJHVW WKDW DOO WKUHH HPSOR\358 
VOLJKWO\GLIIHUHQWPRGHVRISRVWUHSOLFDWLRQDQG'1$PRGLILFDWLRQ WKDWPLJKWEHNH\GXULQJ WKH359 
LQIHFWLRQF\FOH360 
3KDJH WDLO SURWHLQV DUH LQYROYHG LQ WKH SULPDU\ UHFRJQLWLRQ DQG DGVRUSWLRQ WR VSHFLILF361 
UHFHSWRUV RQ WKH EDFWHULDO FHOO VXUIDFH   6LQFH 6+()  DQG  H[KLELW GLIIHUHQW KRVW362 
UDQJHVZHH[DPLQHG WKHDPLQRDFLGVHTXHQFHRI WKHSUHGLFWHG WDLOSURWHLQV )LJXUH%7KH363 
ILUVW WKUHHSURWHLQVGLVSOD\HGDKLJKVHTXHQFHVLPLODULW\  ,QFRQWUDVW WKH1WHUPLQDO364 
DDRXWRIDDRIWKHIRXUWKWDLOSURWHLQ6+()BBDQGBVKDUHVYHU\KLJK365 
VLPLODULW\!DFURVVRXUSKDJHZKLOHWKHUHVWRIWKHVHTXHQFHZDVKLJKO\GLYHUJHQW)LJXUH366 
6$:HREWDLQHGVLPLODUUHVXOWVZLWKWKHILIWKWDLOSURWHLQ6+()BBDQGBZKHUH367 
WKHILUVWDPLQRDFLGVRXWRIDDHQFRGHFRQVHUYHGSXWDWLYHWDLOGRPDLQV7,*5368 
DQGSIDPEHIRUH WKH UHVWRI WKHSURWHLQVHTXHQFHGLYHUJHV )LJXUH6%:HSURSRVH369 
WKDW WKHVH WZR JHQHV PD\ EH NH\ WR WKH KRVWUDQJH GHWHUPLQDWLRQ RI WKHVH SKDJH GXULQJ370 
LQIHFWLRQ DV KDV EHHQ VHHQ IRU RWKHU ( IDHFDOLV SKDJH  DQG UHSUHVHQW DOWHUQDWH FHOOZDOO371 
ELQGLQJSURWHLQVDQGGRPDLQV372 
373 
,GHQWLILFDWLRQRIWKHHQWHURFRFFDOSRO\VDFFKDULGHDQWLJHQDVWKH6+()UHFHSWRU374 
7RJDLQIXUWKHU LQVLJKW LQWRWKHPHFKDQLVPVGULYLQJVWUDLQVSHFLILFLW\ LQWKHVHSKDJHZH375 
VRXJKWWRLGHQWLI\WKHUHFHSWRUIRU6+():HFRQVLGHUHGDFDQGLGDWHWREHWKHSURPLQHQWFHOO376 
VXUIDFHUKDPQRSRO\VDFFKDULGHHQWHURFRFFDOSRO\VDFFKDULGHDQWLJHQ(3$7KHJHQHWLF377 
ORFXV HQFRGLQJ WKH V\QWKHVLV RI (3$ LV FRPSRVHG RI  KLJKO\ FRQVHUYHG JHQHV HSD$5378 
IROORZHGE\DYDULDEOHUHJLRQZKLFKLVGLYHUJHQWEHWZHHQVWUDLQV)LJXUH$DQGZKLFKKDV379 
EHHQSURSRVHGWRHQFRGHVWUDLQVSHFLILFGHFRUDWLRQRIWKHFRUHSRO\VDFFKDULGHV\QWKHVLVHGE\D380 
FRQVHUYHGJHQHWLFUHJLRQ'LVUXSWLRQRIHSD%VWUDLQ7;HSD%DNH\UKDPQRV\O381 
WUDQVIHUDVHLQYROYHGLQ(3$EDFNERQHV\QWKHVLVDEROLVKHGLQIHFWLYLW\RI6+()ZLWKLQIHFWLYLW\382 
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UHVWRUHGXSRQFRPSOHPHQWDWLRQZLWKDSODVPLGFRQWDLQLQJWKHHSD%&'RSHURQ)LJXUH%:H383 
WKHQ WHVWHG LQIHFWLRQ RI VWUDLQ RDW$SJG$GOW$VLJ9 FKDUDFWHULVHG E\ 6PLWK HW DO  WKDW KDV384 
DOWHUHG3HSWLGRJO\FDQDQG7HLFKRLF$FLGSURGXFWLRQVKRZLQJWKDWLWLVVWLOOVHQVLWLYHWRLQIHFWLRQ385 
DQGWKDWWKHVHPROHFXOHVDUHQRWUHFHSWRUVIRU6+()386 
$V PHQWLRQHG DERYH WKH FRUH (3$ LV IXUWKHU GHFRUDWHG E\ YDULDEOH FKHPLFDO387 
PRGLILFDWLRQVWKDWPRGXODWHYLUXOHQFH:HQH[WWHVWHGWKHLQIHFWLYLW\RI6+()DJDLQVWPXWDQWV388 
LQ WKH HSD YDULDEOH UHJLRQ XVLQJ PXWDQWV SUHYLRXVO\ VKRZQ WR LPSDLU (3$ GHFRUDWLRQV DQG389 
YLUXOHQFH   7KUHH RI WKH PXWDQWV KDG LQVHUWLRQV LQ JHQHV HQFRGLQJ JO\FRV\O WUDQVIHUDVHV390 
23'9B7Q 23'9B7Q DQG 23'9B7Q DQG RQH KDG DQ LQVHUWLRQ LQ DQ391 
HSLPHUDVH JHQH 23'9B7Q $OO YDULDEOH UHJLRQPXWDQWV VKRZHG D PDUNHGO\ UHGXFHG392 
LQIHFWLYLW\ E\ 6+() ZKLFK ZDV UHVWRUHG XSRQ LQ WUDQV FRPSOHPHQWDWLRQ ,QWHUHVWLQJO\ WKH393 
2*5)B PXWDQW ZDV VWLOO SDUWLDOO\ LQIHFWHG E\ 6+() ZLWK D VOLJKWO\ RSDTXH SODTXH394 
REVHUYHGWKDWZDVUHVWRUHGWRDW\SLFDOFOHDUSODTXHE\FRPSOHPHQWDWLRQ)LJXUH%DQG6395 
'HVSLWH WKLV ODFN RI LQIHFWLRQ RI HSD PXWDQW VWUDLQV LW ZDV VWLOO SRVVLEOH WKDW ELQGLQJ396 
RFFXUUHGEXWWKDWWKHSKDJHZDVXQDEOHWRFRPSOHWHLWVIXOOO\WLFF\FOH7RH[SORUHWKLVSRVVLELOLW\397 
ZHFDUULHGRXWDQDGVRUSWLRQDVVD\,QWKLVDVVD\SKDJHDQGEDFWHULDZHUHLQFXEDWHGWRJHWKHU398 
IRUKRXUVWRDOORZDGVRUSWLRQRISKDJHRULQIHFWLRQWRSURFHHGEHIRUHWKHDGGLWLRQRI0399 
1D&ODWUHDWPHQWNQRZQWRLQWHUIHUHZLWKHOHFWURVWDWLFSKDJHEDFWHULDOLQWHUDFWLRQVEXWQRWKDUP400 
(QWHURFFRFXVFHOOYLDELOLW\)RUVWUDLQ7;HSD%WRWDOSKDJHQXPEHUVGLGQRWLQFUHDVHRYHU401 
KDJDLQLQGLFDWLQJODFNRILQIHFWLRQDQGH[SDQVLRQDVFRPSDUHGWRWKH2*5)VWUDLQ)LJXUH402 
&  +RZHYHU WKH 1D&O WUHDWPHQW UHOHDVHG [ 3)8PO RI SKDJH  3 YV403 
2*5)BUHIOHFWLQJZHDNDGVRUSWLRQRISKDJHWKDWGRQRWHQWHUDO\WLFOLIHF\FOHEXWDUH404 
VWLOO YLDEOH  $GVRUSWLRQ ZLWKRXW SRSXODWLRQ LQFUHDVH ZDV DOVR REVHUYHG ZLWK WKH405 
23'9B7QKRZHYHU OHVVSKDJHZHUHUHFRYHUHGDIWHU01D&OWUHDWPHQW406 
3YV2*5)HSD%LQGLFDWLQJDVWURQJHULQWHUDFWLRQZLWKPRUHSKDJHOHIWDGVRUEHGDIWHU407 
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1D&OWUHDWPHQW7RH[FOXGHWKHSRVVLELOLW\WKDWSKDJHSURJHQ\ZHUHWUDSSHGLQVLGHWKHKRVWFHOOV408 
WKDW FRXOG QRW O\VH WKH KRVW PHPEUDQH DQG HVFDSH FHOO VXVSHQVLRQV ZHUH WUHDWHG ZLWK409 
FKORURIRUP ZLWK QR IXUWKHU UHOHDVH RI YLDEOH SKDJH SDUWLFOHV )LQDOO\ WR H[DPLQH TXDOLWDWLYHO\410 
WKDWWKHUHOHDVHGSKDJHLVERXQGWRWKHFHOOVHOHFWURQPLFURVFRS\ZDVSHUIRUPHGRQ2*5)411 
7;HSD% DQG 23'9B7Q FHOOV FXOWXUHG ZLWK SKDJH ,QGHHG SKDJH FRXOG EH412 
REVHUYHG RQ DOO WKHVH VWUDLQV )LJ ' LQGLFDWLQJ WKDW FHOO VXUIDFH ELQGLQJ LV VWLOO RFFXUULQJ LQ413 
WKHVHPXWDQWVDQGWKDWWKHFRUHDQGYDULDEOH(3$DUHERWKERXQGE\SKDJH6+()/LNHRWKHUV414 
 ZH REVHUYHG URXQGHG FHOO PRUSKRORJ\ LQ 7;HSD% )LJ ' DQG DOVR ZLWK WKH415 
23'9B7QVWUDLQ416 
,QIHFWLRQSDUDPHWHUVDQGVWUDLQSUHIHUHQFHRI6+()417 
:H IXUWKHU FKDUDFWHULVHG WKHKRVW UDQJHDQG LQIHFWLRQFKDUDFWHULVWLFVRI EDFWHULRSKDJH418 
6+()$VVKRZQLQ)LJXUH6$VWUDLQ26DORQJVLGH(5VDQG()ZDVKLJKO\VHQVLWLYH419 
WR6+()DVDVVHVVHGE\WLPHFRXUVHLQIHFWLRQH[SHULPHQWVZLWKFXOWXUHVO\VLQJZLWKLQWKHILUVW420 
PLQXWHVFRPSDUHGWRVWUDLQVVXFKDV20*6RUZKLFKO\VHLQPLGKDQG421 
9LQODWHKH[SRQHQWLDOSKDVHUHVSHFWLYHO\)LJ6$VDUHVXOWDQGVLQFHLWLVDQRUDOO\422 
LVRODWHG FOLQLFDO VWUDLQ ZH XVHG VWUDLQ 26 WR SHUIRUP D RQHVWHS JURZWK H[SHULPHQW WR423 
HVWDEOLVKWKHHFOLSVHSHULRGDYHUDJHWLPHWRSURGXFHWKHILUVWPDWXUHLQWUDFHOOXODUSKDJHODWHQW424 
SHULRGDYHUDJHWLPHWRFHOOO\VLVDQGEXUVWVL]HWKHDYHUDJHQXPEHURISKDJHUHOHDVHGDWFHOO425 
O\VLVZKLFKVKRZHG 6+()DVDKLJKO\HIILFLHQW ( IDHFDOLV WDUJHWLQJSKDJHZLWKDQHFOLSVH426 
SHULRGRIRQO\PLQDODWHQWSHULRGRIRQO\PLQ)LJXUH$DQGDEXUVWVL]HRI3)8IRU427 
WKLVVWUDLQ7KHSODWHDXSKDVHZDVUHDFKHGDIWHUPLQIROORZLQJDPLQEXUVWSHULRG1H[W428 
ZHH[DPLQHGDGVRUSWLRQSDUDPHWHUVRIWKLVSKDJHZLWKWKH(IDHFDOLVVWUDLQ26DQGIRXQG429 
WKDWVDWXUDWLRQRIDGVRUSWLRQZDVUHDFKHGDIWHUPLQ)LJXUH%7KLVDGVRUSWLRQLVLOOXVWUDWHG430 
LQ )LJXUH & ZKHUH D 7(0 WDNHQ RI FHOOV DW  PLQ SRVW LQIHFWLRQ LOOXVWUDWHV DWWDFKHG SKDJH431 
DWWDFKHGWRWKHFHOOVXUIDFH432 
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433 
$ELOLW\RI6+()WRFOHDUE. faecalis ELRILOPV434 
*LYHQWKDWPRVWEDFWHULDLQQDWXUHDQGLQFOLQLFDOLQIHFWLRQVUHVLGHLQELRILOPVZHWHVWHG435 
WKH DELOLW\ RI  6+() WR HUDGLFDWH  ( IDHFDOLV ELRILOPV LQ YLWUR RQ LQHUW SRO\VW\UHQH VXUIDFHV436 
XVLQJD UDQJHRI VWUDLQV $VVHHQ LQ)LJXUH$ZH WHVWHG WKHSKDJHDJDLQVWKSUHIRUPHG437 
ELRILOPV XVLQJ KHDWNLOOHG SKDJH DV D QHJDWLYH FRQWURO DQG VKRZHG SKDJHGHSHQGHQW438 
FOHDUDQFHWRYDU\LQJGHJUHHVIROGRIDOOVHQVLWLYHVWUDLQV()262*5)ZKLOH439 
ZHREVHUYHGQRFOHDUDQFHIRUVWUDLQV()DQG2*5)HSD%ZKLFKZHUHLQVHQVLWLYHWRSKDJH440 
LQIHFWLRQLQSODWHEDVHGDQGEURWKEDVHGDVVD\V,QDGGLWLRQZHWHVWHGFOHDUDQFHRIELRILOPVRI441 
VWUDLQV()DQG26DVZHOODVDPL[HGVWUDLQELRILOPWKDWKDGEHHQSUHIRUPHGIRUGD\V442 
)LJ6$%DJDLQVKRZLQJFOHDUDQFHRIELRILOPLQDSKDJHGHSHQGHQWPDQQHU443 
:HQH[WWHVWHGWKHHIILFDF\RISKDJH6+()WRHUDGLFDWHELRILOPVRQQDWXUDOWRRWKURRW444 
VXUIDFHVE\JURZLQJ()ELRILOPVIRUKEHIRUHDGGLQJ6+()[3)8POIRUKDQG445 
DFKLHYLQJDVLJQLILFDQW UHGXFWLRQ LQEDFWHULDOQXPEHUVDV LQGLFDWHGE\ UHGXFWLRQ LQ GHWHFWDEOH446 
PHWDEROLF DFWLYLW\ )LJXUH%3 UHVD]XULQ DVVD\ WR DSSUR[LPDWHO\ [ EDFWHULD LQ447 
WRWDO HVWLPDWHGXVLQJ VWDQGDUG FXUYHVRI(PLVVLRQ #QP YV&)8PO)LJ6& IURPDQ448 
RULJLQDOLQSXWRIRYHU[1%ZHZHUHXQDEOHWRGRWKLVRQPRUHVWUDLQVGXHWROLPLWDWLRQVRI449 
DYDLODEOH WRRWK VOLFHV DQG HWKLFV UHVWULFWLRQV  :H DOVR REVHUYHG TXDOLWDWLYHO\ D GUDVWLF450 
GHFUHDVH LQEDFWHULDOPDWHULDO YLD UHGXFWLRQ LQYLVLEOHEDFWHULDOELRPDVVYLVXDOLVHGDV WKHGDUN451 
PDWHULDOLQWKLVLPDJHXVLQJVWHUHRPLFURVFRS\DQGOLJKWPLFURVFRS\)LJXUH&452 
3KDJHWUHDWPHQWHYDOXDWLRQLQD]HEUDILVKPRGHORILQIHFWLRQ453 
1H[WZHSHUIRUPHGV\VWHPLF LQIHFWLRQVWXGLHVXVLQJDQHVWDEOLVKHG]HEUDILVKPRGHORI454 
LQIHFWLRQDQGWKHFOLQLFDOVWUDLQ26=HEUDILVKHPEU\RVZHUHLQIHFWHGZLWK(IDHFDOLVIRU455 
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WZR KRXUV EHIRUH LQMHFWLQJ ZLWK 6+() RU D KHDWNLOOHG VDPSOH RI 6+() DW D PXOWLSOLFLW\ RI456 
,QIHFWLRQ 02,RI ZLWK UHVSHFW WR WKH( IDHFDOLV LQRFXOXPDORQJVLGH YLUXVRQO\FRQWUROV457 
)LVKPRUWDOLW\DQGKHDOWKVWDWXVZDVWKHQPRQLWRUHGXSWRKSL(IDHFDOLV26FDXVHGD458 
WLPHGHSHQGHQW OHWKDOLW\ WKDW ZDV VLJQLILFDQWO\ KLJKHU S WKDQ 3%6 FRQWURO RU SKDJH459 
DORQH )LJXUH $ % :KLOVW LQMHFWLRQ ZLWK KHDWNLOOHG +. 6+() SKDJH SRVWLQIHFWLRQ ZLWK460 
VWUDLQ26GLGQRWLPSURYHPRUWDOLW\UDWHVRIWKH]HEUDILVKGHDGLGHQWLFDOWR26RQO\461 
LQMHFWLRQRIOLYH6+()UHVXOWHGLQRQO\GHDWKDQGWKXVVXUYLYDOSYV26462 
RQO\  2I QRWH DW ILVK LQMHFWHG ZLWK SKDJH RQO\ 6+()/,9( RU LQDFWLYDWHG SKDJH +.463 
6+() DORQH ZHUH KHDOWK\ 0RUSKRORJ\ DQG RYHUDOO KHDOWK VWDWXV RI WKH ILVK ZDV DOVR464 
PRQLWRUHG VKRZLQJ WKDW YLDEOH SKDJH DOORZHG UHFRYHU\ IURP 26 LQIHFWLRQ ZKLOH WKH +.465 
6+()GLGQRW)LJXUH%:HDOVRLQIHFWHGHPEU\RVZLWKVWUDLQ()ZKLFKLVQRWVHQVLWLYHWR466 
6+()LQIHFWLRQ7DEOHEXWVWLOOGLVSOD\HGWKHDELOLW\WRFDXVHPRUWDOLW\LQHPEU\RVE\KSL467 
 S FRPSDUHG WR  3%6 OLYH RU NLOOHG SKDJH DORQH LQMHFWHG ILVK )LJ%&468 
6LJQLILFDQWO\ QHLWKHU YLDEOH RU KHDWNLOOHG  6+() SKDJH FDXVHG DQ LPSURYHPHQW LQ VXUYLYDO469 
ZKHQ LQMHFWHG DORQJVLGH VWUDLQ () ZLWK      DQG    GHDWK470 
UHVSHFWLYHO\,QDOOH[SHULPHQWVWKHHPEU\RVLQIHFWHGZLWK(IDHFDOLVRQO\GLVSOD\HGDODFNRI471 
FLUFXODWLRQ\RONVDFDQGH\HDEQRUPDOLWLHVDORQJVLGHSHULFDUGLDFRHGHPDDQGVSLQHFXUYDWXUH472 
)LJ'VKRZQIRU26,QFRQWUDVWWKHPDMRULW\RISKDJHWUHDWHG]HEUDILVKUHPDLQHGKHDOWK\473 
WKURXJKRXW WKH H[SHULPHQW ZLWK KHDOWK VWDWXV FRPSDUDEOH WR SKDJH RQO\ DQG 3%6LQMHFWHG474 
FRQWUROV)LJXUH%475 
476 
'LVFXVVLRQ477 
,Q WKLVSDSHUZH UHSRUW WKH LVRODWLRQRI O\WLFSKDJH LVRODWHG IURPZDVWHZDWHUXVLQJD478 
UDQJH RI RUDO DQG QRQRUDO ( IDHFDOLV VWUDLQV 6XUSULVLQJO\ ZH ZHUH XQDEOH WR LVRODWH SKDJH479 
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IURPRUDOVDPSOHVDJDLQVWRXUVWUDLQVHYHQ WKRXJKZHFRXOGYLVXDOLVHSKDJH LQFRQFHQWUDWHG480 
VDOLYDQRWVKRZQHYHQWKRXJKPHWDJHQRPLFHYLGHQFHIURPRWKHUVWKDWWKHRUDOFDYLW\LVULFKLQ481 
EDFWHULRSKDJH'1$482 
$OO WKH SKDJH GHVFULEHG LQ WKLV VWXG\ 6+()    DQG  EHORQJHG WR WKH IDPLO\483 
6LSKRYLULGDHDIDPLO\RISKDJHSUHYLRXVO\IRXQGWRWDUJHW(IDHFDOLVDORQJVLGH484 
PHPEHUVRIWKH0\RYLULGDH485 
2XULVRODWHGSKDJH6+()DQGSRVVHVVHGGLIIHULQJKRVWUDQJHVZLWK6+()486 
KDYLQJWKHEURDGHVW$IWHUJHQRPHVHTXHQFLQJZHIRXQGVWURQJVLPLODULW\EHWZHHQWKHJHQRPH487 
VHTXHQFHVRI6+()DQG6+()LVLGHQWLFDO WR 6+()DQGUHVSHFWLYHO\EXW488 
VLJQLILFDQWGLYHUJHQFHLQWKHSXWDWLYHWDLOJHQHORFXVJHQHV6+()BB 6+()BB489 
DQG  6+()B B ZLWK HYLGHQFH RI FRQVHUYHG 1WHUPLQDO GRPDLQV EXW GLIIHUHQW SXWDWLYH490 
EDFWHULDO VXUIDFH UHFHSWRU ELQGLQJ GRPDLQV LQ WKH &WHUPLQXV RI WKHVH SURWHLQV 6LPLODU491 
REVHUYDWLRQVKDYHEHHQPDGH LQYDULRXVVSHFLHV LQFOXGLQJ /DFWRFRFFXV ODFWLV SKDJH 492 
DQG 6WUHSWRFRFFXV WKHUPR OXV SKDJH '7 ZKHUH LQWHUFKDQJH RI WKH &WHUPLQDO GRPDLQ RI493 
25)ZLWKWKDWRIDQRWKHUSKDJH0'DOWHUHGKRVWUDQJHVSHFLILFLW\:HVXJJHVWWKDWWDLO494 
PRGXOHJHQHVIRXUDQGILYHHQFRGHKRVWUDQJHVSHFLILFLW\GHWHUPLQLQJWDLOSURWHLQVWKDWFRQWDLQ495 
SRWHQWLDOO\ QRYHO ( IDHFDOLV VXUIDFH ELQGLQJ GRPDLQV 7KHVH ILQGLQJV ZLOO RSHQ WKH ZD\ IRU496 
IXUWKHULQYHVWLJDWLRQRISKDJHKRVWVSHFLILFLW\DQGDGKHVLRQRI*UDPSRVLWLYHEDFWHULD497 
7RSUREHWKHFHOOVXUIDFHUHFHSWRUIRUWKH6+()SKDJHZHVKRZHGWKDWLWZDVXQDEOHWR498 
SURGXFWLYHO\LQIHFWLQVHUWLRQPXWDQWVZLWKDOWHUHGFRUH(3$HSD%RU(3$GHFRUDWLRQJHQHV$OO499 
GHFRUDWLRQPXWDQWVVKRZHGUHGXFWLRQLQLQIHFWLYLW\H[FHSWIRU23'9B7Q7KHSDUWLDO500 
LQIHFWLYLW\RI23'9B7QLVLQOLQHZLWKSUHYLRXVREVHUYDWLRQVVKRZLQJWKDWPXWDWLRQRI501 
WKLV JHQH KDV RQO\ D VPDOO LPSDFW RQ (3$ GHFRUDWLRQ   )RU ERWK WKH HSD% DQG B502 
GHFRUDWLRQVWUDLQV WKHODFNRI LQIHFWLYLW\ LVGHVSLWH WKHSKDJHUHWDLQLQJWKHDELOLW\WRDGVRUEWR503 
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WKH EDFWHULDO FHOO VXUIDFH ,QWHUHVWLQJO\ WKHUH LV D GLVFUHSDQF\ EHWZHHQ WKH DPRXQW RI SKDJH504 
UHFRYHUHG IURP WKH FHOO VXUIDFH RI 7; DQG 23'9B7Q ZLWK PRUH SKDJH VWLOO505 
ERXQGWRWKHGHFRUDWLRQGHILFLHQWPXWDQW7KLVGDWDVXJJHVWVWKDW6+()OLNHO\ELQGVWRERWKWKH506 
FRUHSRO\VDFFKDULGHDQGGHFRUDWLRQUHVLGXHVDQGQHHGVERWKIRULQIHFWLRQ,QDVLPLODUPDQQHU507 
WKLV LVDOVRWKHFDVHIRUVHYHUDOZHOOFKDUDFWHULVHGEDFWHULRSKDJHHJ(FROL7SKDJHZKLFK508 
UHTXLUHV /36 DQG 2PS& ELQGLQJ  RU 6 DXUHXV SKDJH &  WKDW UHTXLUHV WHLFKRLF DQG509 
SHSWLGRJO\FDQIRULUUHYHUVLEOHELQGLQJ510 
)RU SKDJHV LQIHFWLQJ *UDPSRVLWLYH RUJDQLVPV WKH LQMHFWLRQ RI YLUDO '1$ UHTXLUHV511 
FURVVLQJWKHSHSWLGRJO\FDQOD\HUDQGLQWHUDFWLRQZLWKWKHFHOOPHPEUDQH7KLVSURFHVVKDVEHHQ512 
VWXGLHGLQ/ODFWLVSKDJHVWKDWELQGWRUKDPQRVHPRLHWLHVRIWKHFHOOZDOOEHIRUHHQJDJLQJWKH513 
SODVPD PHPEUDQH RI WKH KRVW  7KLV SURFHVV RIWHQ HPSOR\V SKDJH HQFRGHG514 
JO\FRVLGDVHV RU O\VR]\PH OLNH HQ]\PHV  ZLWK DOO WKH VHTXHQFHG  6+() SKDJH DOVR515 
HQFRGLQJ D WDLO SURWHLQ ZLWK SXWDWLYH O\]RV\PH GRPDLQ 6+()B  6+()B DQG516 
6+()B(YLGHQFHIRUWZRVWDJHDGVRUSWLRQDQGLQIHFWLRQRI(IDHFDOLVH[LVWVLQWKHFDVHRI517 
(IDHFDOLVDQGSKDJH93(LQIHFWLRQZKHUHDSODVPDPHPEUDQHSURWHLQ()VHHPHGWR518 
EH UHTXLUHG IRU O\WLF LQIHFWLRQ DQG KHQFH '1$ LQMHFWLRQ EXW QRW SKDJH DGVRUSWLRQ WR WKH FHOO519 
VXUIDFH UHFHSWRU :H WKHUHIRUH SRVWXODWHKHUH WKDW WKH (3$ DQG LWV YDULDQW GHFRUDWLRQ LV520 
UHTXLUHG IRU SURGXFWLYH ELQGLQJ RI 6+() WR WKH FHOO VXUIDFHRI ( IDHFDOLVZLWK(3$DQGDQ521 
XQNQRZQPROHFXOHDFWLQJDVFRUHFHSWRUIRUWKLVSKDJH%DVHGRQWKHHYLGHQFHLQWKHOLWHUDWXUH522 
 WKDW WKH(SD36 LVQRWGHWHFWDEOHRQ WKHRXWHUVXUIDFHRI( IDHFDOLV LW LV WHPSWLQJ WR523 
VSHFXODWHWKDW 6+() LQLWLDOO\ELQGVILUVW WRDQRXWHUFHOOVXUIDFH36IROORZHGE\(3$EXWZH524 
KDYHQRHYLGHQFHIRUWKLV2YHUDOOIXUWKHUWHVWVDUHUHTXLUHGWRHVWDEOLVKWKHSULPDU\UHFHSWRURI525 
6+() LQWHUDFWLRQ SRWHQWLDOO\ E\ SURGXFLQJ UHFRPELQDQW YHUVLRQV RI WKH WDLO SURWHLQ GRPDLQV526 
DQGLQYHVWLJDWLQJWKHLUVXJDUELQGLQJSURSHUWLHV6XFKVWXGLHVZLOORSHQQHZLQVLJKWLQWRSRVVLEOH527 
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UHVLVWDQFH PHFKDQLVPV IRU SKDJH LQIHFWLRQ EXW DOVR QHZ WDUJHWV IRU DQWLLQIHFWLYHV DJDLQVW (528 
IDHFDOLVRUVWUDLQVSHFLILFGLDJQRVWLFVEDVHGRQFHOOZDOOFRPSRQHQWELQGLQJFDSDELOLW\529 
7KHFDSDFLW\ WR IRUPELRILOPV LVFULWLFDO IRU( IDHFDOLVYLUXOHQFHSURYLGLQJUHVLVWDQFHWR530 
DQWLELRWLFVDQGDOORZLQJLQIHFWLRQVWRSHUVLVW6WXGLHVKDYHVKRZQDVWURQJDVVRFLDWLRQEHWZHHQ531 
YLUXOHQFHDQGELRILOPIRUPDWLRQZLWKRIFOLQLFDOLVRODWHVEHLQJFODVVLILHGDVVWURQJELRILOP532 
IRUPHUV   ,Q DGGLWLRQ  RI HQWHURFRFFDO LQIHFWLRQV LQ KXPDQV EORRGVWUHDP XULQDU\533 
WUDFW DQG ZRXQG LQIHFWLRQV DUH FDXVHG E\ ( IDHFDOLV  :H VKRZHG WKDW 6+() FDQ534 
VLJQLILFDQWO\ UHGXFHELRILOP IRUPDWLRQRID UDQJHRIVHQVLWLYH( IDHFDOLVVWUDLQV IROG WKDW535 
ZHUHSUHIRUPHGKRQSRO\VW\UHQHVXUIDFHVPLPLFNLQJFDWKHWHUVIRUH[DPSOHDVZHOODVRQ536 
DQRYHOLQYLWURWRRWKFURVVVHFWLRQELRILOPPRGHOLHKXPDQWRRWKFURVVVHFWLRQV:HEHOLHYH537 
WKLV WR EH D VWURQJ LQGLFDWLRQ WKDW SKDJH WKHUDS\ EDVHG RQ 6+() DQG SRWHQWLDOO\ RXU RWKHU538 
SKDJHPLJKWEHXVHIXOIRUHUDGLFDWLRQRIURRWFDQDOLQIHFWLRQV,QVXSSRUWRIRXUGDWDDQH[YLYR539 
URRWFDQDOPRGHOGHYHORSHGE\.KDOLIDHWDOZDVDOVRVLJQLILFDQWO\FOHDUHGRIEDFWHULDE\540 
SKDJH7KHXVHRIEDFWHULRSKDJHVWKHUHIRUHDSSHDUVWREHDSURPLVLQJVWUDWHJ\WRUHGXFH541 
WKHELRILOPEDFWHULDOORDGDVVRFLDWHGZLWK(IDHFDOLV LQIHFWLRQVSURYLGLQJDSRWHQWLDODGMXQFWLYH542 
WKHUDS\IRUURRWFDQDOLQIHFWLRQWKDWKDVIDLOHGWRUHVSRQGWRFRQYHQWLRQDOWUHDWPHQW2WKHURUDO543 
LQIHFWLRQV VXFK DV SHULRGRQWDO GLVHDVH ZKLFK LV D FRPSOH[ PL[HG VSHFLHV LQIHFWLRQ ZRXOG544 
UHTXLUHSKDJHV WDUJHWLQJRWKHURUDOSDWKRJHQLFEDFWHULD+RZHYHUEDVHGRQ UHSRUWVRISKDJH545 
WDUJHWWLQJ $JJUHJDWLEDFWHU DFWLQRP\FHWHPFRPLWDQV  DQG )XVREDFWHULXP VSS  546 
DORQJVLGHVHYHUDO6WUHSWRFRFFXV 9HLOLRQHOOD DQG1HLVVHULDVSS  LQ WKH OLWHUDWXUH547 
WKLVPD\EHDIHDVLEOHIXWXUHDSSURDFK548 
,QDGGLWLRQWRRUDOLQIHFWLRQV(IDHFDOLV LVDZHOONQRZQFDXVHRIVHSWLFDHPLDZLWK549 
UHSRUWV VKRZLQJ WKDW RUDO EDFWHULD FDQ HQWHU WKH EORRGVWUHDP DQG GLVVHPLQDWH V\VWHPLFDOO\550 
FRQWULEXWLQJWR LQIHFWLRQVVXFKDVHQGRFDUGLWLVDQG UKHXPDWRLGDUWKULWLV:HWHVWHGWKH551 
WKHUDSHXWLFSRWHQWLDORI WKHSKDJHVZH LVRODWHG LQDZHOOHVWDEOLVKHG LQYLYR ]HEUDILVKHPEU\R552 
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V\VWHPLF LQIHFWLRQ PRGHO :H VKRZHG IRU WKH ILUVW WLPH WKDW V\VWHPLF SKDJH WUHDWPHQW DIWHU553 
LQIHFWLRQZLWK(IDHFDOLVGUDPDWLFDOO\GHFUHDVHGWKHPRUWDOLW\RI]HEUDILVKHPEU\RVDQGJUHDWO\554 
LPSURYHGWKHLUKHDOWKGXULQJLQIHFWLRQLQGLFDWLQJWKHSRWHQWLDORIWKLVSKDJHLQWUHDWLQJV\VWHPLF555 
( IDHFDOLV LQIHFWLRQV ,W LV LPSRUWDQW WR QRWH WKDW QHLWKHU WKH SKDJH RU EDFWHULDO FRPSRQHQWV556 
UHOHDVHGXSRQO\VLVGLVSOD\HGWR[LFLW\WRZDUGWKHHPEU\RIXUWKHUGHPRQVWUDWLQJSRWHQWLDOIRUVDIH557 
XVH RI SKDJH V\VWHPLFDOO\ 7KH ]HEUDILVK LQIHFWLRQ PRGHO DOVR VHUYHG H[WUHPHO\ ZHOO DV D558 
V\VWHP WR WHVW WKH HIILFDF\ RI SKDJH DJDLQVW V\VWHPLF EDFWHULD DQG DFW DV SRZHUIXO WRRO IRU559 
PRQLWRULQJWKHG\QDPLFVRILQIHFWLRQDQGSKDJHFOHDUDQFHRILQIHFWLRQWKDWFDQEHPRQLWRUHGLQ560 
UHDOWLPH*LYHQWKHHIIHFWLYHQHVVRIWKHSKDJHVGHVFULEHGLQNLOOLQJSODQNWRQLFDQGELRILOP561 
DVVRFLDWHG( IDHFDOLVDVZHOODV LQDV\VWHPLF LQIHFWLRQPRGHO WKHLU WKHUDSHXWLFXVHFRXOGEH562 
H[WHQGHGWRRWKHULQIHFWLRQW\SHVVXFKDVVHSVLVZRXQGLQIHFWLRQVRUXULQDU\WUDFWLQIHFWLRQV563 
,W LVZHOOGRFXPHQWHG WKDW EDFWHULDFDQJDLQ UHVLVWDQFH WREDFWHULRSKDJHVDQG LQGHHG564 
UHVLVWDQFHWR(IDHFDOLVSKDJHKDVEHHQSUHYLRXVO\UHSRUWHG+RZHYHUZHGLGQRWLVRODWH565 
UHVLVWDQWVWUDLQVGXULQJRXUH[SHULPHQWVEXWFDQQRWUXOHRXWWKDWWKLVFRXOGRFFXUDQGFRQVLGHU566 
WKDWWKHXVHRIDFRFNWDLORISKDJHWDUJHWLQJGLIIHUHQWFHOOXODUUHFHSWRUVZRXOGEHWKHEHVWPRGH567 
WR UHGXFH DQG FRPEDW UHVLVWDQFH DULVLQJ  2I QRWH KHUH LV WKDW UHVLVWDQFH DULVLQJ WR DW OHDVW568 
SKDJH6+()IRUH[DPSOHZRXOGUHTXLUHDOWHUDWLRQV LQ WKH(3$FRUHRUYDULDEOHPRLHWLHVDQ569 
DOWHUDWLRQWKDWZRXOGOLNHO\UHVXOWLQUHGXFHGYLUXOHQFH,WLVZRUWKQRWLQJKHUHWKDWPDQ\RI570 
WKHVWUDLQVWKDWZHUHVHQVLWLYHWRRXUVPDOOSDQHORISKDJHLQWKLVVWXG\ZHUHUHVLVWDQWWRDUDQJH571 
RI DQWLELRWLFV LQFOXGLQJ YDQFRP\FLQ HJ VWUDLQ 9 DQG LOOXVWUDWLQJ WKDW SKDJH KDYH WKH572 
SRWHQWLDO WR EH XVHG DV DQ DGMXQFW RU DOWHUQDWLYH WUHDWPHQW LQ LQIHFWLRQV FDXVHG E\ DQWLELRWLF573 
UHVLVWDQWVWUDLQVRILPSRUWDQWKXPDQSDWKRJHQV574 
,Q FRQFOXVLRQ WKLV VWXG\ KLJKOLJKWV LVRODWLRQ RI SKDJH WDUJHWLQJ ( IDHFDOLV VWUDLQV575 
WDUJHWLQJDPDMRUYLUXOHQFHGHWHUPLQDQWRIWKLVVWUDLQ(3$DQGHVWDEOLVKHVWKHLUSRWHQWLDOXVH576 
LQWUHDWLQJELRILOPLQIHFWLRQVE\WHVWLQJWKHPLQWZRFOLQLFDOO\UHOHYDQWPRGHOLQIHFWLRQV\VWHPV577 
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2XUZRUNWKXVVWUHQJKWHQVWKHSRVVLELOLW\RIGHYHORSLQJSKDJHDVWKHUDSHXWLFVWRFRPEDWKDUG578 
WRWUHDWRUDOWRSLFDODQGV\VWHPLFLQIHFWLRQV579 
580 
$&.12:/('*0(176581 
0$ ZDV IXQGHG E\ D VFKRODUVKLS IURP WKH ,UDTL +LJK FRPPLVVLRQ :H WKDQN %DUEDUD582 
0XUUD\*XQQDU'DKOHQ DQG:LP &ULHODDUG IRU ( IDHFDOLV VWUDLQVXVHG LQ WKLV ZRUN:H DOVR583 
WKDQN&KULV+LOODWWKH(OHFWURQ0LFURVFRS\XQLWIRUDVVLVWDQFHDQGWUDLQLQJIRUWKH7(0ZRUNDQG584 
0LFUREHV1* KWWSZZZPLFUREHVQJXN IRU VHTXHQFLQJ   :H DOVR WKDQN 3URI 1LF 0DUWLQ585 
6KHIILHOG IRUKHOS LQGHVLJQLQJDQGSURYLGLQJ WKHPDWHULDO IRU WKH WRRWKFURVVVHFWLRQDOPRGHO586 
(& ZDV IXQGHG E\ D (365& *UDQG &KDOOHQJH 7ZHQW\ JUDQW (315(6ZDV587 
IXQGHG E\ D %LRWHFKQRORJ\ DQG %LRORJLFDO 6FLHQFHV 5HVHDUFK &RXQFLO VWXGHQWVKLS588 
JUDQW%%0589 
590 
591 
592 
593 
 594 
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5()(5(1&(6 595 
 596 
 :LVSOLQJKRII + %LVFKRII 7 7DOOHQW 60 6HLIHUW + :HQ]HO 53 (GPRQG 0% 597 
1RVRFRPLDO EORRGVWUHDP LQIHFWLRQV LQ 86 KRVSLWDOV DQDO\VLV RI  FDVHV IURP D598 
SURVSHFWLYHQDWLRQZLGHVXUYHLOODQFHVWXG\&OLQLFDOLQIHFWLRXVGLVHDVHV599 
 *LOPRUH06/HEUHWRQ) YDQ6FKDLN:*HQRPLF WUDQVLWLRQRIHQWHURFRFFL IURP600 
JXW FRPPHQVDOV WR OHDGLQJ FDXVHV RI PXOWLGUXJUHVLVWDQW KRVSLWDO LQIHFWLRQ LQ WKH601 
DQWLELRWLFHUD&XUUHQWRSLQLRQLQPLFURELRORJ\602 
 3DXOVHQ,7%DQHUMHL/0\HUV*1HOVRQ.6HVKDGUL55HDG7')RXWV'((LVHQ-$603 
*LOO65+HLGHOEHUJ-5ROHRIPRELOH'1$LQWKHHYROXWLRQRIYDQFRP\FLQUHVLVWDQW604 
(QWHURFRFFXVIDHFDOLV6FLHQFH605 
 3ROLGRUL 0 1XFFRULQL $ 7DVFLQL & *HPLJQDQL * ,DSRFH 5 /HRQLOGL $ 7DJOLDIHUUL (606 
0HQLFKHWWL )  9DQFRP\FLQUHVLVWDQW (QWHURFRFFXV IDHFLXP 95( EDFWHUHPLD LQ607 
LQIHFWLYHHQGRFDUGLWLVVXFFHVVIXOO\WUHDWHGZLWKFRPELQDWLRQGDSWRP\FLQDQGWLJHF\FOLQH608 
-RXUQDORIFKHPRWKHUDS\)ORUHQFH,WDO\609 
 /RYH 5  (QWHURFRFFXV IDHFDOLV±D PHFKDQLVP IRU LWV UROH LQ HQGRGRQWLF IDLOXUH610 
,QWHUQDWLRQDOHQGRGRQWLFMRXUQDO611 
 *RSLNULVKQD 9 .DQGDVZDP\ ' -H\DYHO 5.  &RPSDUDWLYH HYDOXDWLRQ RI WKH612 
DQWLPLFURELDOHIILFDF\RIILYHHQGRGRQWLFURRWFDQDOVHDOHUVDJDLQVW(QWHURFRFFXVIDHFDOLV613 
DQG&DQGLGDDOELFDQV-RXUQDORI&RQVHUYDWLYH'HQWLVWU\614 
 $EGXOODK 0 1J </ *XODELYDOD . 0ROHV '5 6SUDWW '$  6XVFHSWLELOWLHV RI WZR615 
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616 
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 0RKDPHG-$+XDQJ:1DOODSDUHGG\657HQJ)0XUUD\%(,QIOXHQFHRIRULJLQ619 
RI LVRODWHVHVSHFLDOO\HQGRFDUGLWLV LVRODWHVDQGYDULRXVJHQHVRQELRILOP IRUPDWLRQE\620 
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621 
 /HFOHUFT 5  (QWHURFRFFL DFTXLUH QHZ NLQGV RI UHVLVWDQFH &OLQLFDO ,QIHFWLRXV622 
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66623 
 +XQW&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625 
 5RVH79HUEHNHQ*'H9RV'0HUDELVKYLOL09DQHHFKRXWWH0/DYLJQH5-HQQHV6626 
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3VHXGRPRQDV DHUXJLQRVD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635 
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637 
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 6RQ--XQ6.LP(3DUN-3DLN+<RRQ6.DQJ6&KRL<-&RPSOHWHJHQRPH640 
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 )DUG 501 %DUWRQ 0' +HX]HQURHGHU 0:  1RYHO EDFWHULRSKDJHV LQ644 
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*HQRPHDQQRXQFHPHQWVH658 
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678 
 :RRG '( 6DO]EHUJ 6/  .UDNHQ XOWUDIDVW PHWDJHQRPLF VHTXHQFH FODVVLILFDWLRQ679 
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5680 
 /L+$OLJQLQJVHTXHQFHUHDGVFORQHVHTXHQFHVDQGDVVHPEO\FRQWLJVZLWK%:$681 
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682 
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 D IOH[LEOH WULPPHU IRU ,OOXPLQD683 
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 %DQNHYLFK $ 1XUN 6 $QWLSRY ' *XUHYLFK $$ 'YRUNLQ 0 .XOLNRY $6 /HVLQ 90685 
1LNROHQNR6,3KDP63UMLEHOVNL$'63$GHVDQHZJHQRPHDVVHPEO\DOJRULWKP686 
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687 
688 
 6HHPDQQ73URNND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 =KRX</LDQJ</\QFK.+'HQQLV--:LVKDUW'63+$67DIDVWSKDJHVHDUFK694 
WRRO1XFOHLFDFLGVUHVHDUFKJNU695 
 $UQGW'*UDQW-50DUFX$6DMHG73RQ$/LDQJ<:LVKDUW'63+$67(5D696 
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:697 
:698 
 6RQQKDPPHU(/(GG\65'XUELQ53IDPDFRPSUHKHQVLYHGDWDEDVHRISURWHLQ699 
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701 
 5XWKHUIRUG.3DUNKLOO-&URRN-+RUVQHOO75LFH35DMDQGUHDP0$%DUUHOO%702 
$UWHPLVVHTXHQFHYLVXDOL]DWLRQDQGDQQRWDWLRQ%LRLQIRUPDWLFV703 
 2
7RROH*$.ROWHU5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DJHQHWLFDQDO\VLV0RO705 
0LFURELRO706 
 <RRQ + <XQ - /LP -$ 5RK ( -XQJ .6 &KDQJ < 5\X 6 +HX 6 707 
&KDUDFWHUL]DWLRQ DQG JHQRPLF DQDO\VLV RI WZR 6WDSK\ORFRFFXV DXUHXV EDFWHULRSKDJHV708 
LVRODWHGIURPSRXOWU\OLYHVWRFNIDUPV-RXUQDORI*HQHUDO9LURORJ\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709 
 2
EULHQ - :LOVRQ , 2UWRQ 7 3RJQDQ )  ,QYHVWLJDWLRQ RI WKH $ODPDU %OXH710 
UHVD]XULQIOXRUHVFHQWG\HIRUWKHDVVHVVPHQWRIPDPPDOLDQFHOOF\WRWR[LFLW\(XURSHDQ711 
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712 
 3HUURW6'XWHUWUH&DWHOOD+0DUWLQ&5DW3:DUQHW-05HVD]XULQPHWDEROLVP713 
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715 
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 $FNHUPDQQ+:3KDJHVH[DPLQHGLQWKHHOHFWURQPLFURVFRSH$UFKLYHVRI719 
YLURORJ\720 
 )XMLVDZD+0RULWD03KDJH'1$SDFNDJLQJ*HQHVWR&HOOV721 
 6XQ 6 *DR 6 .RQGDEDJLO . ;LDQJ < 5RVVPDQQ 0* 5DR 9%  6WUXFWXUH DQG722 
IXQFWLRQ RI WKH VPDOO WHUPLQDVH FRPSRQHQW RI WKH '1$ SDFNDJLQJ PDFKLQH LQ 7OLNH723 
EDFWHULRSKDJHV3URFHHGLQJVRIWKH1DWLRQDO$FDGHP\RI6FLHQFHV724 
 5DNKXED ' .RORPLHWV ( 'H\ (6 1RYLN *  %DFWHULRSKDJH UHFHSWRUV725 
PHFKDQLVPVRISKDJHDGVRUSWLRQDQGSHQHWUDWLRQLQWRKRVWFHOO3RO-0LFURELRO726 
727 
 &KDSRW&KDUWLHU 03  ,QWHUDFWLRQV RI WKH FHOOZDOO JO\FRSRO\PHUV RI ODFWLF DFLG728 
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729 
 ;X<0XUUD\%(:HLQVWRFN*0$FOXVWHURIJHQHV LQYROYHG LQSRO\VDFFKDULGH730 
ELRV\QWKHVLVIURP(QWHURFRFFXVIDHFDOLV2*5),QIHFWLRQDQGLPPXQLW\731 
 +DQFRFN/(6KHSDUG%'*LOPRUH060ROHFXODUDQDO\VLVRI WKH (QWHURFRFFXV732 
IDHFDOLVVHURW\SHSRO\VDFFKDULGHGHWHUPLQDQW-RXUQDORIEDFWHULRORJ\733 
 7HQJ)6LQJK.9%RXUJRJQH$=HQJ-0XUUD\%()XUWKHUFKDUDFWHUL]DWLRQRI734 
WKHHSDJHQHFOXVWHUDQG(SDSRO\VDFFKDULGHVRI(QWHURFRFFXV IDHFDOLV ,QIHFWLRQDQG735 
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736 
 5LJRWWLHU*RLV/0DGHF&1DYLFNDV$0DWRV5&$NDU\/HSDJH(0LVWRX0<6HUURU737 
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741 
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 3UDMVQDU 7. 5HQVKDZ 6$ 2JU\]NR 19 )RVWHU 6- 6HUURU 3 0HVQDJH 6 745 
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747 
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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753 
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H755 
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757 
758 
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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